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DIFCO LABORATORY PRODUCTS 
BIOLOGICS CULTURE MEDIA REAGENTS 


Media for Standard Methods 
Culture Media—Dehydrated and Prepared 
Microbiological Assay Media 


Tissue Culture and Virus Media 


Bacterial Antisera and Antigens 


Diagnostic and Serological Reagents 
Sensitivity Disks Unidisks 
Peptones Hydrolysates Amino Acids 
Enzymes Enrichments Dyes Indicators 


Carbohydrates Biochemicals 


Over 60 years’ experience 
in the preparation of Difco products assures 


UNIFORMITY STABILITY ECONOMY 


Complete Stocks Fast Service 
Descriptive literature available on request 


DIFCO LABORATORIES, DETROIT 1, MICHIGAN, USA 
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Pipette shown is Serological No. 7085. 


How to prove that these pipette markings 
are the most durable you've ever seen 


Rub two Accu-RED pipettes against each 
other, right across the graduations. 

This is the test that can show you now 
what natural aging—use and repeated s:eri- 
lization—will do to any pipette. 

Examine the markings closely. You'll 
surface abrasion, but that’s a//. For all your 
hard rubbing the ACCU-RED markings are 
still there, still clear. They won't come off 
because they are right in the glass. 

As long as the glass lasts, you'll have 
graduations that are sharp and easy to read. 

ACCU-RED pipettes are not only rugged, 
they are also accurate. Example: For the 
1 and 2 ml sizes, tolerance is 0.002 ml. 

More: Like all Pyrex brand glassware, 
these pipettes are hardy. They are not af- 
fected by high heat or most detergents, 
emerging intact and unmarred from re- 


peated washings. 

The sketches below show some of the 
different ACCU-RED pipettes. Your Corning 
catalog shows many other Pyrex pipettes. 
(If you don’t have our catalog, write to us 
at Corning, N. Y., for a free copy.) 

To save money—Specify “Pyrex” for all 
your labware needs. Quantity discounts are 
sizeable. 


No. 7086—cotton plug with cylindrical mouthpiece 


No. 7087—Serological wide tip for fast flow 


CORNING GLASS WORKS 


CORNING MEANS RESEARCH IN GLASS 


PYREX laboratory ware... the tested tool of modern research 
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THE NITROFURANS IN MEDICINE 


FURADANTIN ® for genitourinary 
BRAND OF tract infections 


MITROFURANTOIN 


TRICOFURON ® for vaginal moniliasis 
CONTAINS FUROKONE and trichomoniasis 
THE NEW, ANTIMONILIAL 

MICOFUR('™) 

GRAND OF NIFUROKIME 


FURACIN ® top 


BRAND OF NITROFURAZONE 


FURASPOR ® topical fungicide 
BRAND OF NITROFURFURYL 
METHYL ETHER 


NEw: 
FUROXONE © for bacterial enteritis 


BRAND OF 
FURAZOLIOONE 


and diarrheas 


FROM AMERICA'S FARMLANDS... 


THROUGH THE TECHNICS 


OF THE CHEMIST... 
INTO THE HANDS 
OF PHYSICIAN... 


In 1944, the discovery of a unique class of anti- 

microbial agents* placed valuable new drugs in 

the hands of the physician. From farm products, 

such as corncobs as a source of pentose and ulti- 

mately of furfural W ao» Eaton Laboratories 

synthesized a new group of compounds: the 

Nrrrorurans. .,. (J. 

The NITROFURANS are taking their place alongside 

the sulfonamides and antibiotics as a major class 

of antimicrobial agents. They possess important 

and distinctive characteristics: 

¢ bactericidal to a wide range of gram-negative 
and gram-positive organisms 

¢ low toxicity for mammalian tissues 

¢ negligible development of bacterial resistance 

¢ no bacterial cross-resistance to other agents 

¢ effective in the presence of blood, pus and serum 

¢ no tendency to cause fungal superinfection 

¢ stable 


The NitRoFuRANS have possibilities which have 
only begun to be realized. They are becoming in- 


creasingly important to the entire medical pro- 
fession. 


*Dodd, M. C., and Stillman, W. B.. The in vitro bacteriostatic action of some 
simple furan derivatives, J. Pharm. Exo Ther 62.11, 1944. 


NITROFURANS 


a significant new class of antimicrobials... products of Eaton Research 
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= CHEMISTRY 
“CONTROL SERUM 


containing elevated 
concentrations of 

* Amylase 

* Alkaline Phosphatase 

Bilirubin 

Protein-bound Iodine 

Phosphorus, inorganic 

Aynilable for the first time in control serum 


CLINICAL CHEMISTRY 
CONTROL SERUM 


eontaining normal levels of 
Calcium 


Creatinine 

Glucose 

Non-Protein Nitrogen 
_ Phosphorus, inorganic 
Potassium 
--Protein-bound Iodine 
Sodium 

» Total Protein 

_ Transaminase (SGO-T) 
“Urea Nitrogen 

Uric Acid 


~HYLAND 
LABORATORIES 


4501 Colorado Blvd.,, 
Angeles 39, California, 


"180 Lockwood Ave., Yonkers, NY, 


PERFECT PARTNERS FOR ACCURACY IN YOUR 
CLINICAL CHEMISTRY DETERMINATIONS 


by three independent laboratories 


Both are prepared for use simply _ 


These versatile control serums > 
have been tailored to meet 
your needs, When run in parallel 
with your unknowns, 

they provide a close, dependable _ 

check on technics, — 

instruments and reagents. 


Both serums are prepared from _ 
freshly drawn human blood — 

and freeze-dried to insure the _ 
stability of the labeled values. Both — 
are repeatedly assayed 


before release; mean 
values and acceptable range 
are charted for each lot. 


by adding distilled water. — 

And both are stable for five days 
after recoristitution 

when stored under refrigeration. 


Abnormal Clinical 
‘Control Serum is available in 5 cc 
vials, in boxes of 3 vials ($5.50) _ 
or 6 vials ($9.00). 


The normal Clinical 

Control Serum is supplied — 

in 5 ce vials, 6 per box, at $9.00 : 
* ‘per box. 
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-asthma hay fever WY 
_ allergic rhinitis 


DEXAMETHASONE 


to treat more patients more effe 


a new order of magnitude in therapeutic effectiveness 


Excellent and good-to-excellent results are re- 
portedt with DECADRON in nearly all of 362 
patients with various allergic disorders, includ- 
ing a number of cases who had failed to respond 
to other corticosteroids. No major reactions were 
observed in these extensive clinical studies even 
after four months of continuous therapy— 
DECADRON produced no peptic ulcer, no dia- 
betes, no significant hypertension, no sodium 
retention, no potassium depletion, no edema, no 
undesirable psychic reactions, and no unusual 
or new side effects. Less than five per cent of 
patients experienced minor reactions, none of 
which prevented continuing administration of 
DECADRON. 

Moreover, several investigators report that side 
effects induced by previous corticosteroid ther. 


a new order of magnitude in margin of safety 


apy such as gastric intolerance, peripheral 
edema, headache, vertigo, muscle weakness, 
ecchymoses, flushing, sweating, moon facies, 
hypertension, hirsutism and acne often disap- 
peared during therapy with DECADRON. 
tAnatysis of clinical reports. 

Dosage: One 0.75 mg. tablet of DECADRON will replace 
one 4 mg. tablet of methylprednisolone or triamcinolone, 
one 5 mg. tablet of prednisone or prednisolone, one 20 
mg. tablet of hydrocortisone, or one 25 mg. tablet of 
cortisone. 

Detailed information on dosage and precautions is 
available to physicians on request. 

Supplied: As 0.75 and 0.5 mg. scored, pentagon-shaped 
tablets in bottles of 100. 

©1958 Merck & Co., Inc. *DECADRON is a trademark of 
Merck & Co., Inc. 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., INC., PHILADELPHIA 1, PA. 


allergic dermatitis. 4 


a new radioisotope counting system 
for biological and clinical research 


-Nuclear-Chicago’s DYN ACON — a system for 
measuring Hi, in gases, liquids, solids - 


~ 


Operator places 250 ml. ion chamber on Dynacon con- 
verter, Sample may be read directly in microcuries or 
dis./sec. on meter and recorder. 


ourier The Model 6000 Dynacon is an outstanding 

ANIMAL new system from Nuclear-Chicago for the bio- 

108N “ chemist or scientist measuring soft beta 
raises emitting isotopes. Combining economy and pre- 
cision with unmatched versatility, it will accept 
and measure gas, liquid, and solid samples 
ranging in activity from a millicurie to a micro- 
microcurie without dilution or absorption 
techniques. It is the ideal instrument for making 
okt ™ o continuous gas flow measurements in plant 
uptake and animal metabolism studies when 
0900 used with the flow-type ion chamber. The 
system’s design provides highest reproduc- 
ibility while eliminating all errors due to coin- 

Apparatus for continuous measure- cidence losses, register losses, or electronic 
ment of respired C'O; from small drift. Write for full specifications including 
animals includes gieseware, flow- typical biological applications of the new 


type ion chamber, Dynacon electro- 
meter, and chart recorder. Dynacon electrometer. 


Sine Katearch Quality 


nuclear - chicago 


co FO TI oo 


® 249 WEST ERIE STREET * CHICAGO 10, ILLINOIS 
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NOW... sensitivity up to 1 cm deflection /0.1 mm Hg 


in SANBORN PRESSURE TRANSDUCERS 


FOR USE IN CARDIAC CATHETERIZATION — STUDY OF CIRCULATORY, GASTRIC, 


ESOPHAGEAL, SPINAL PRESSURES — PLETHYSMOGRAPHY — RESPIRATION 


Series 


Sensitivity 


Nominal Working 
Range 


Volume 
Displacement 


267* 


1 cm deflection 
per mm Hg 


— 100 to +400 
mm Hg 


.05 mm3/100 
mm Hg 


268** 


1 cm deflection 
per 0.1 mm Hg 


—40 to +40 
mm Hg 


0.5 mm3/100 


mm Hg 


*Available in Models 267A (single-ended — measures pressure 
against atmospheric pressure) ond 267B (diflerential — meas- 
ures pressure diflerences of liquids, gases or one of each), for 
use with Sonborn Carrier Preamplifiers; and Models 467A 
(single-ended) ond 467B (differential) for use with Sanborn 
Strain Gage Amplifiers. 


**Available in Models 268A (single-ended, as above) and 268B 


(differential, os above) for use with Sanborn Carrier Preampli- 
fiers. For use with Sanborn Strain Gage Amplifiers, an adapter 


(Model 267-400) is required. 


Sanborn pressure transducers — compact, 
accurate units — are now available with 
much greater sensitivity. The new 268 series 
offers 10 times the sensitivity available in the 
267 series as shown in the abbreviated table. 


The durable, non-corrosive Monel case is 
not affected by normal saline, alcohol or 
other solutions normally used in physiologi- 
cal measurements and chemical sterilization 
... during flushing the liquid flow sweeps the 
entire pressure chamber, completely remov- 


SAN BORN 


ing all bubbles . . . connectors are standard 
luer female type to which standard needle or 
catheter fittings may be attached .. . they can 
be supported by a ring clamp or similar de- 
vice close to the patient or subject being 
tested since the body size of these small pres- 
sure pickups is only 1%,” x 144” x 1”. 


Write for new Sanborn catalog, 
with complete information on 
these transducers and other in- 
struments for Biophysical Re- 
search, 


COMPANY 


MEDICAL DIVISION 175 Wyman Street, Waltham 54, Massachusetts 


February, 1959 
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NOT 800 SUPPLIERS— 


That’s what Harshaw Scientific offers the laboratories— 
ONE SOURCE for practically their entire requirements 


This many t of items 
—no matter how hae nor os inex- 
pensive— from electron microscopes to 
corks — obtained from over 800 manu- 
facturers in all parts of the country. 

And these items are available from 
stock in our six branch warehouses. 

Actually we are the laboratory's 
SUPER MARKET. The saving in re- 
ducing the number of orders placed is 
tremendous. A recent survey showed 
that a number of routine customers’ 
orders included as many as 12 to 30 
different manufacturers’ items. The in- 
creased cost of issuing 12 to 30 orders 
instead of | is obviously considerable. 
Add to that transportation charges from 
out of the way locations, plus delay in 
deliveries and the increase in cost can- 
not be estimated. 

We take our job very seriously. Each 
item is carefully evaluated before being 
added to our line. Most items are in- 
cluded in our current catalog. As new 
items become available we attempt to 
bring them to your attention through 
space ads and our house organs. 

Our branches and sales offices are 
staffed with personnel trained to be 
helpful. They have a genuine interest in 
your problems. In addition we believe 
you will enjoy dealing with them. We 
think they're fine people. 

If you are not taking full advantage 
of our facilities, we would welcome an 
opportunity to serve you. 

No matter what you need — furniture, 
glassware, apparatus, chemicals or equip- 
ment, you can get it from HARSHAW. 


Branches 
CLEVELAND 6, OHIO 
1945 East 97th Street 

Tel. VUleon 3-2424 


CINCINNATI 13, OHIO 
6265 Wiehe Rd 
Tel. REdwood 11-9100 


DETROIT 28, MICHIGAN 
9240 Hubbell Avenve 
Tel. VErmont 6-6300 


HOUSTON 11, TEXAS 
6622 Supply Row 
Tel. WAlnut 3.1627 


LOS ANGELES 22, CALIF 
3237 So. Garfield Ave 
Tel. RAymond 3-316) 

PHILADELPHIA 48, PA 

Jockson & Swanson Sts 
Tel. HOword 2-4700 


Sales Offices 


AMARILLO, TEXAS 
3409 S Jockson Street 


ATLANTA 5, GEORGIA 
3130 Maple Drive, NE 
Tel Cédor 3.3560 


BATON ROUGE 6, LA 
3160 Florida Street 
Doherty Bidg., Room 103 
Tel. Dickens 3-1933 
BUFFALO 2, NEW YORK 
260 Delaware Avenve 
Tel GArfield 9-2000 
HASTINGS. ON-HUDSON 6 
NEW YORK 
Tel. HAstings 5-8250 
OAKLAND CALIFORNIA 
3826 Piedmont Avenve 
Tel. Olympic 5-651! 
PITTSBURGH 22, PA 
504 Bessemer Building 
6th St. & Fort Duquesne Bivd 
Tel. ATiantic 1.7930 


HARSHAW 
SCIENTIFIC 


Division of 


The Harshaw Chemical Company 


Cleveland 6, Ohio 
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CURRENT COMMENTS: 


Important facts concerning “Factor VII contamina- 
tion” and the general reliability of thromboplastin 
preparations have been collected and compiled for 
practical use in your laboratory. Based on experiments 
and extensive testing, this information clarifies many 
misconceptions regarding thromboplastins and their 
influence over accuracy in prothrombin time testing. 
For your free copies of the Current Comments series 
write to Laboratory Supply Division Warner-Chilcott, 
Morris Plains, N. J. 

It is the essence of common sense that reagents used 
in vital determinations should give the same answer 
from bottle to bottle, in a single box, on the same 
patient's specimen. It is amazing that many thrombo- 
plastin products sold to the laboratories do not meet 
this most essential requirement. 

Check the uniformity of your thromboplastin by a 
simple three-vial test. 

Reconstitute three vials of Simplastin and any other 
thromboplastin. Use a plasma from a patient in the 
therapeutic range having a prothrombin activity less 
than 20 per cent of normal (over 30 seconds). Compare 
the results for yourself. ‘Trial Simplastin for this com- 
parison will be sent on your request. 


Simplastin 


LABORATORY SUPPLY DIV. WARNER -CHILCOTT voRRisS PLAINS. 
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ANOTHER PROCEDURE 
MADE RELATIVELY SIMPLE* 


*Ref.: SULFURIC ACID-INDUCED 
FLUORESCENCE OF 


CORTICOSTEROIDS 


MAX L. SWEAT, Anal. Chem. Vol. 26, Pg. 773 


GALVANOME TER 
DEFLECTION 
5 


mi 
Emission Spectrum of Fluorescence Produced by 17- Hy- 
droxycorticosterone in Ethanolic Sulfuric Acid Solution 


FARRAND. TJhotocleduc 
FLUOROMETER 


The Farrand Photoelectric Fluorometer range of sensitivities for measurements of 
simplifies techniques and assures precise extremely low concentrations in micro or 
performance in fluorometric assay. macro volumes. 


The instrument is designed to render lin- Used by leading scientists throughout the 
ear response and stability over a wide world. 


BULLETIN NO. 803R, with list of users, sent upon request. 


FARRAND OPTICAL CO., 


Precision Optics, Bronx Boulevard and East Street 


Electroni d 
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PROVED BY 
10 YEARS’ 
EXPERIENCE 


THE B-D VACUTAINER 


EVACUATED SPECIMEN TUBE 


offers the simplest and most efficient method of obtaining 
quality blood specimens: 


A superior stopper 
easy to clean 

dished-out top for speedy cleansing 

free from dirt-catching crevices or corners 
easy to remove 

protruding stopper for easy, 

one-hand “flip-off” removal 

easy to use 


diaphragm placed to ensure proper technic 
and minimize vacuum loss 


A straight side tube 


easy pouring or pipetting of serum 
easy clot removal 
can be reused for routine laboratory procedures 


Every B-D Vacutainer Specimen Tube is 


vacuum packed to assure factory freshness 
color-coded according to usage 


Available in six sizes and a range of 45 anticoagulants 
and preservatives, with catalog numbers printed on 

anticoagulant tubes. Partial vacuum for controlled intake 
in proportion to anticoagulant, wherever required. 


Freight prepaid — literature available on request 


B D )} BECTON, DICKINSON AND COMPANY 
|] RUTHERFORD, NEW JERSEY 


BO AND VACUTAINGR Tm REG US PAT OFF 


February, 1959 
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accurate, 
automatic 
liquid 
dispenser... 


FISHER 
VOLUSTAT 


for “‘one-shot”’ or 
continuous repeat 
dispensing... 


If you make up large numbers of 
identical samples or dilutions, why not 
do it quickly, easily and accurately . . . 
with just a flick of a switch? 

The Fisher Volustat will deliver one 
measured charge or a continuous series 
of 36 charges a minute, whichever you 
prefer. They may be any size from 1 to 
12 ml, easily adjusted with an outside 
set-screw. Volumes are reproducible to 
+0.15% when you use an all-glass dis- 
pensing system, or + 1.0% with rubber 


tubing. 
WO HANGS... If you're adding saline in Kahn tests 
An accessory foot-switch gives . .. filling ampoules . . . making serial 


you full control—single charges 


or a continuous cycie. dilutions . . . dispensing acids, cyanide 


solution, bacteriological samples or 
Catalog No. 13-684-10 other harmful liquids . . . the Volustat 
Price: $10.00 each will be a great advantage. The measur- 
ing chamber and valve are all-glass, 
120 FISHER BUILDING | 25. to clean and sterilize. 
PITTSBURGH 19, PA. 


Catalog No. 13-684-100 Price: $175.00 each 
FISHER SCIENTIFIC 


America’s Largest Manutacturer- Distributor of Laboratory Appliances & Reagent Chemicals 


IN THE U.S.A. Cleveland St. Louis IN CANADA 
Boston Detroit Washingt Ed 

Buffalo New York 
Charleston, W.Va. Philadelphia IN MEXICO. Montrea 


Chicago Pittsburgh Mexico City Toronto 


B-83b 
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Paragon Stains Paramount Quality 
Tested and proven stains of the very highest quality 


PAPANICOLAOU STAINS—PARAGON 


EA-36 EA-65 OG-6 
Harris Hematoxylin (modified) 


Papanicolaou Stains prepared according to the original formulae for the 
cytological diagnosis of cancer by means of the smear technic. 


These stains conform to Paragon’s rigid standard of excellence in every 
way at a modest cost that renders preparation by the laboratory technician 


unnecessary. 

STABLE READY TO USE 
Each lot of stain is tested against smears in our laboratories for correct 
differential staining, color balance and transparency. 


PAPANICOLAOU STAIN—PARAGON EA-36 
For general staining of vaginal and cervical smears and in endocrine 
studies. 

PAPANICOLAOU STAIN—PARAGON EA-65 
For staining smears containing much mucus as sputum, gastric and 
pleural fluids, ete. Similar to EA-36 but yielding better differentiation 
in the presence of mucus. 

PAPANICOLAOU STAIN—PARAGON 0G-6 


The Orange G stain for use with EA-36 and EA-65 in the Papanicolaou 
technic. 


HARRIS HEMATOXYLIN—PARAGON (modified) 

For Papanicolaou Staining 
A modified ready to use Harris Hematoxylin Stain specially formulated 
for Papanicolaou staining. It yields a sharp blue nuclear stain with no 
staining of the cytoplasm. 


PAPANICOLAOU STAINS—PARAGON are packed in two convenient sizes 
only, a 250 ¢.c. and a 500 c.c. bottle. 


500 c.c. 250 c.c. 
Name Catalog No. Bottle Bottle 


HARRIS HEMATOXYLIN—PARAGON (modified) PS1281 $2.25 
For Papanicolaou Staining PS1291 $1.50 
PAPANICOLAOU STAIN—PARAGON EA-36 PS1282 3.85 

PS81292 2.35 
PAPANICOLAOU STAIN—PARAGON EA-65 PS1283 

PS1293 2.35 
PAPANICOLAOU STAIN—PARAGON 0OG-6 PS1284 3.25 

PS1294 2.00 
Write for catalogs 957A & 957B fully describing Paragon Staining Solutions, Chemical 

Reagents and Solutions and Paragon Tray Drawer Cabinets and accessories 


All prices F.0.B. New York, New York, subject to change without notice. 
Manufactured exclusively by 


PARAGON C. & C. CO., INC., 2540 Belmont Ave., New York 58, N. Y. 


Cable address: Wijeno, New York 


amazing new ag 
LIQUID detergent 


...gets laboratory glassware and 
utensils sparkling clean in seconds! 


AQUET 


. it's absolutely SAFE for hands and skin! 


| 7 . @ super-effective liquid detergent that nates wiping and drying . . . because it leaves only 
cuts grease like a knife . . . eliminates time-and- a tissue-thin residue of water—so glassware dries 
pn scrubbing and et by itself in 2 minutes, without a trace of film! 
completely safe and gentle to even tender han 

and skin. A convenient liquid detergent that’s G37700 22.15 
always ready to use in its reusable squeeze-bottle tspenser bottle cach 2.09; per doz. <2. 

or detergents epe le liquid detergent that The EM ER 

wees break down in the presence of acids or TL, TN @. 


1A fast-acting liquid detergent that elimi- 20-26 MOORE 25a 
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PHASE MICROSCOPE EVER MADE 


Peaster building block concept of design, exclusive with AO Spencer, offers you a choice _ 


Choice of 3 interchangeable 
full 360 rotatable bodies, 
~ monocular, binocular, and tri- 
nocular, inclined for comfort. 
Special inclined monocular 
and vertical monocular bodies 
“= for photomicrography avail-— 
No other Phase Microscope can ra : 
offer you such a wide choice of =x y — stage and specimen to 
i objectives with low-posi- 
cessories. ments. Choose from 3 inter- 
You can adapt the Phasestar oe changeable stages, graduated 
ous combinations of readily in- 
terchangeable bodies, stages, 
bases and optics. You have 
more than 50 possible combi- 
nations or models to choose 
from. 


crography. C 
lets you shoot whi 


Your Phasestar will be “‘just 
right"’ for you in convenience, 
comfort and the economy of 
real quality. 


: The tows fork type condenser 
of inter interchange a wide selection 
with double- of. Phase sers... turret 
plano mirror in fork 
“mount or built-in base 


Quick-change quad- 
ruple revolving nose- 

piece lets you inter- 

change complete sets 

of phase, achromatic 

apochromatic 
objectives quickly 
and precisely. 


@ Dept. N-15 


American Optical | Please send me the new Phasestar wie: | 


Company 


SPENCER 
INSTRUMENT DIVISION, BUFFALO 15, NEW YORK ( City Zone......State 


a THE MOST VERSATILE 
crisp 
| 
| 
| 


Paragon Stains Paramount Quality 
Tested and proven stains of the very highest quality 


Paragon special stains are stable, fresh and ready instantly when 
special staining is required 


OIL RED O FAT STAIN—PARAGON 


For brilliant red fat stains on frozen sections, fecal smears, etc., of startling intensity 
unsurpassed by any other method. There is no loss of fat during staining. The technic 
is rapid and not critical. Polyethylene Glycol is required in the staining technic. 


PS1266 Oil Red O Fat Stain—Paragon Bottle (100 cc) $2.15 
PS1268 Polyethylene Glycol—Paragon, U.S.P. Bottle (250 cc) 1.20 


MUCICARMINE STAIN COMPOUND—PARAGON 


is a powdered stain instantly soluble in 50% alcohol to prepare Mayer's Mucicarmine 
stain for mucin. No Heating. No Filtering. Stable. Each gram makes 50 cc of stain- 
ing solution. 


PS1501 Mucicarmine Stain Compound—Paragon Bottle (10 grams) 1.75 


BEST’S CARMINE STAIN COMPOUND—PARAGON 


is a dry powder requiring only the addition of ammonia and methyl alcohol to prepare 
the working solution for the staining of glycogen in paraffin sections and cytological 
smears. Dissolves readily. No Heating. No Filtering. No Ageing. Ready at once. 


PS1505 Best's Carmine Stain Compound—Paragon Bottle (25 grams) 2.75 


GIEMSA STAIN—PARAGON (Stock Stain Solution) 


Carefully prepared, stable, ready to use, economical. 
One cc makes 50 cc working stain. Ideal for blood and bone marrow as well as 
malarial and blood parasites. 


PS1160 Giemsa Stain—Paragon Bottle ( 25 cc) 1.00 
PSIIG61 Giemsa Stain—Paragon Bottle (100 cc) 2.75 


PARAGON BUFFER SOLUTION FOR GIEMSA STAIN 


Ready to use buffer solutions which adjust the Giemsa working stain to the optimum 
pH for proper staining. For blood and bone marrow use pH 6.5; for malaria and 
protozoa use pH 6.8. 


PS1165 Paragon Buffer Solution For Giemsa Stain p 


H Bottle (100 cc) 1.00 
PS1166 Paragon Buffer Solution For Giemsa Stain pH 

H 

H 


Bottle (250 cc) 1.50 
8 Bottle (100 cc) 1.00 
8 Bottle (250 cc) 1.50 


6 
6 
6. 
6. 


PS1168 Paragon Buffer Solution For Giemsa Stain p 
PS1169 Paragon Buffer Solution For Giemsa Stain p 


Write for catalogs 957A & 957B for more detailed information 
and staining technics 


All prices F. O. B. New York, New York, subject to 
change without notice 


Manufactured exclusively by 


PARAGON C. & C. CO. INC. 


2540 Belmont Avenue, New York 58, New York 
Cable address: Wijeno, New York 
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Apparatus 


(PATENT APPLIED FOR) 


A SEMI-AUTOMATIC UNIT DESIGNED FOR USE IN A 
RAPID SYSTEM OF COLORIMETRIC CLINICAL ANALYSIS 
OF VARIOUS CONSTITUENTS OF BIOLOGICAL FLUIDS. 


(Described by A. Saifer, et al, in “A Rapid System of 
Microchemical Analysis for the Clinical Laboratory’’ 
Clinical Chemistry 4:127, 1958) 


© ELIMINATES NEED FOR EXPENSIVE 
VOLUMETRIC PIPETTES! 


SAVES 
MONEY! 


© ELIMINATES NEED FOR EXPENSIVE 
CALIBRATED TUBES! 


©@ ELIMINATES INVESTMENT, BREAK- 
AGE, CLEANING AND STORAGE 
COSTS OF PIPETTES AND TUBES! 


SAVES 
MATERIAL! 


USES ONLY MICRO AMOUNTS OF 
BIOLOGICAL FLUIDS! 


PERMITS SAMPLES TO BE ANALYZED 


WITHIN MINUTES AFTER REACHING : 
LABORATORY! 


SAVES 
TIME! 


CALIBRATED TIP EASILY CLEANED 
WITHOUT DISMANTLING APPARATUS! 


SIMPLE SUCTION AND PRESSURE 
CONTROLS! 


ACCURATE MICRO MEASUREMENTS 
WITH MINIMUM OF EFFORT AND 
SKILL! 


SAVES 
TECHNICAL 
r] ELIMINATES ERRORS OF MEASURE- 
SKILL! MENT. 
SAME CALIBRATED TIP USED FOR 
ANALYZING UNKNOWN SAMPLE, 
STANDARDS, AND BLANK! 


SAVES 
SPACE! 


SIMPLE LEVER DEVICE REFILLS 
BURETTE TO AUTOMATIC ZERO! 


MOUNTED ON 
STEEL HOUSING. 


PORTABLE WHITE 


ADDRESS 


MODEL A 


DESIGNED FOR ANALYSIS OF GLUCOSE, UREA 
NITROGEN, URIC ACID AND CREATININE — BUT 
MAY BE ADAPTED FOR OTHER METHODS USING 
0.1 mi or 0.2 mi PLASMA OR SERUM. 


INCLUDES SET OF THREE BURETTES WITH 
CALIBRATED TIP AND AUTOMATIC ZERO LEVEL- 
LING DEVICE, 115 V-AC SUCTION AND PRESSURE 
PUMP, POLYETHYLENE BOTTLES, SUCTION AND 
= BOTTLES, TYGON TUBING, ELECTRIC 


PRICE 


$325.00 


F.0.B. FACTORY 
CLOSTER, N. J 


INQUIRIES TO: 


® 
LUINALYSIS INCORPORATED P. O. Box 


21, Rugby Sta., Brooklyn 3, N.Y 


February, 1959 
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ELECTRIC MICROTOME KNIFE SHARPENER 
FOR A KEENER EDGE IN LESS TIME 


BEFORE SHARPENING note 
ragged knife edge. 


FIRST HONING removes nicks 
and rough spots after only a 
few strokes on honing wheel. 


Less effort, too, in getting the keen, uniform edge COMPLETE HONING gives fine 


you want. This new improved sharpener has heavy edge but © fae wire or burr 
duty “T” guide holder that supports knife over the mars its keenness. 

full length up to 13 inches, greatly simplifying opera- 
tion. Holder is adjustable for differences of bevel 
required by various knives. 


Special alloy honing wheel is powered by unusually 
quiet split phase 4 h. p. motor. Entire mechanism 
is enclosed in attractive gray finish rubber-footed AFTER STROPPING cutting 
metal housing with aluminum platform. Overall di- edge is smooth and even; uni- 
mensions: Operates on 115 volts A.C. 


For additional information, request Bulletin 20-105. IMPROVED STROP ASSEMBLY 


Standard equipment with the sharpener 

Strop removes small wire or burr left 

by sharpening. Puts final fine edge on 

knife. Assembly consists of high quality 

horsehide strop and linen finishing 

strop mounted on heavy metal frame 

equipped with thumb screws for ad- 
aloe sciemtific jusiing tension. 

ST. LOUIS 12. MO. 60040— Aloe Electric Microtome Knife Sharp- 

DIVISION OF A. S. ALOE COMPANY ener, improved anid eetned, with 

adjustable strop assembly, 3 sticks assorted 

abrasive paste, one can of abrasive powder, 

Los Angeles, San Francisco, Seattle, Denver, Minneapolis, Pittsburgh, Kansas one can of special solvent, cord and plug. 
City, Dallas, New Orleans, Chamblee, Washington, Miami. Each $295.00 
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we could put five years 


right here 
in this 
wasted 


corner! 


How many microslides do you average a day? Fifty, maybe? 


A Lab-aid stack only 19” square and about five feet high 
would keep five years’ output right at your fingertips. 


That's because Lab-aid design gives you 45% more capacity, 
inch for inch, than conventional filing units. Think of it . . . 

a single unit section only five inches high, compact enough 

to fit handily on a desk top, will hold 6500 slides! 


And that's not all . . . by interchanging different drawer sizes 
1”, 2”, and 4”, you can file Kodachromes, lantern slides, and 
index cards in the same cabinet. Other special-purpose 
cabinets (same basic dimensions so they all stack together) 

let you file fresh slides flat in spread-out trays, or file 

paraffin blocks in shallow drawers. 


The beauty of it all is that you get all these advantages 
at no greater filing cost-per-slide than ordinary cabinets. 


Bulletin No. 141-56 tells the story. Let us send it to you. 


THE TECHNICON COMPANY, CHAUNCEY, N. Y. 
laboratory filing system 


| 
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NOW! 


AUTOMATIC Spectrophotometric 
and Electrometric Titrations with the 


NEW 


SARGENT-MALMSTADT 
AUTOMATIC 


SPECTRO-ELECTRO 


TITRATOR 


AUTOMATIC TITRATOR 


SARGENT 4 CO. 
Patents Pending 


S-29700 Spectro-Electrometric Titration Apparatus 
—Model SE, Sargent-Malmstadt, $690.00 


For SPECTROPHOTO- 
METRIC TITRATIONS 


Provides direct automation of most 
utrations now being performed which 
inherently or in conjunction with an 
indicator provide a spectro-photo- 
metric end point. These include acid- 
base, oxidation-reduction, complex 
formation and some precipitation re- 
. actions, indicators being available for 
most of the titrations currently per- 
formed be manual methods 


For ELECTROMETRIC 
TITRATIONS 

Provides new and better facilities to 
perform automatic derivative poten- 
tiometric titrations as performed by 
the S-29690 SARGENT-MALM.- 
STADT potentiometric titrator. 
Provision is made for the convenient 
connection of simple circuits for 
constant current potentiometric, 
“polarized electrode” and similar 
utrations. 


For complete information contact your 
nearest Sargent Division or write: 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


Dept. SE, Chicago, Illinois 


€.H. SARGENT & COMPANY, 4647 W. FOSTER, CHICAGO 30, ILLINOIS 
OETROIT 4, MICH. + DALLAS 36, TEXAS: AM 4, ALA.*+ 


GFIELO. N. J. 
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THREE. 
OUTSTANDING 
ADVANTAGES 


GREATER ACCURACY 
* MORE EASILY READ END- POINT y 
SENSITIVITY 


ia w greater accuracy for more precise clinical control. 
_ ACUPLASTIN measures the combined activity of 
prothrombin and proconvertin, an important consideration 


iA c T p la sti i n is; in anticoagulant therapy. 


more easily read end-point —The granular pattern of the 


fermation of fibrin with ACUPLASTIN permits the tech- 
THROMBOPLASTIN nologist to observe the formation of a distinct and definite 
sensitivity—ACUPLASTIN detects, and can reproduce 


J. small but significant variations in plasma samples. 


Ortho ‘Corporation 
Raritan, New Jersey 


4 4 
4 
av » 
ees 
ag 
? 
¥ j ie 
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Guaranteed 


UNIFORM HEAT 
DISTRIBUTION 


ELCONAP 


Type — 


INCUBATORS 


Operating Sensitivity 0.5 deg. C. 
Operating Uniformity 1.0 deg. C 
Temperature Range Room to 70 deg. C. 


embedding. 
eat distribution. 


The gray-enamelled walls are of selected Mari- 
nite asbestos assuring maximum insulating 
efficiency. Exterior frame is of polished stain- 
less steel with chrome-plated brass hinges and 
door latches. The inner glass panel is in a 
flexible stainless steel frame providing an ex- 
pansion seal. No gaskets are required. De- 
pendable automatic hydraulic thermostats, U.L. 
approved, reflect the most minute temperature 
changes within cabinets. Silver contact points, 
located in an aluminum housing on top of 
cabinet, are sealed from dirt and fumes, do not 
require cleaning or adjustment. ‘Temperature 
settings are effected by means of a control 
knob. A pilot light indicates when contact is 


made or broken. 


These incubators have been designed to meet the demand for a more satis- 
factory apparatus, fulfilling every requirement of dry heat, incubation and 
Paramount attention has been centered on uniform 


The low gradient heating units operate at 
black heat and should last indefinitely. Their 
unique wiring arrangement and location in 
double-walled air chamber with special baffles, 
assures deflection of heat currents into channels 
surrounding entire shelf area. Incoming fresh 
air is directed through properly determined 
ports into air chamber, where it is pre-heated 
before entering incubating area. The con- 
trolled heat currents then pass upward, part 
finding exit through adjustable ventilators in 
the top and part passing downward through 
holes in the upper wall of the bottom into the 
air space to repeat its cycle. This “ELCO- 
NAP” heat and ventilation system guarantees 
a more uniform heat distribution and rapid 
recovery of differential. Sufficient moisture is 
drawn in to prevent cultures from drying out. 


Type No. cl c2 C3 C4 C5 Types Cl to C3 can be provided 
Height, Ins. 13 19 28 28 32 with a special draining s;stem and 
Width, las. 3 = = an outlet for disposal of spilled 
No. Shelves 2 2 3 3 3 an a 
No. Regulators 1 1 1 2 2 Type C4 can be furnished with a 
Cat. No. M-70420 special draining system and outlet 
Incubator Ea. $149.00 $210.00 $255.00 $424.00 $510.00 for disposal of spilled paraffin 
Cat. No. M-70422 Extra $18.00 
Floor Stand Ea. $ 30.00 $ 39.00 $ 40.00 ef shove te desived 
Cat. No. M-81285, Embedding, Paraffin (Prices same as for incubator) Please specify wh.n ordering 


\ STANDARD SCIENTIFIC 


Sufiply Corp. 


LABORATORY 
APPARATUS 


REAGENTS 


AND 
CHEMICALS 


808 BROADWAY 
NEW YORK 3, N_Y. 
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URIC ACID? 


USE 


URICASE LEO 


highly purified, lyophylized and stable 
enzyme preparation 


SPECIFIC, RAPID AND ECONOMICAL 


FOR 


quantitative microdetermination of uric acid in blood, urine, spinal fluid, and 
other biological liquids. 

Experimental technique according to Kalckar and Praetorius (Kalckar, H. 
M.: Differential spectrophotometry of purine compounds by means of specific 
enzymes. J. Biol. Chem. 167, 429, 1947—Preatorius, E.: An enzymatic 
method for the determination of uric acid by ultraviolet spectrophotometry. 
Scandinav. J. Clin. Lab. Invest. 1, 222, 1949.) 


LEO PHARMACEUTICAL PRODUCTS 


BALLERUP DENMARK 


Exclusive Agents for U.S.A. | HENLEY, 202 £. 44 St. New York 17, NY. 
HENLEY & CO., INC. | Gentlemen: Please send URICASE LEO 
202 EAST AAth St. samples & literature to: 

NEW YORK 17, N.Y. ye 

TEL: YUkon 6-5544 


February, 1959 Page 23 


. . . adds the science of fluorimetry to the 
scope of the Medical and Clinical laboratory 


The Coleman Electronic Photofluorometer is a direct-reading, line- 
operated instrument for the precise analysis of vitamins, estrogens, 
steroids, catecholamines, porphyrins and other physiological fluid com- 
ponents of interest to medical science. 


The Photofluorometer can be used independently for routine analysis 
. or its sensitivity can be extended far into the range of trace- 


analysis by integrating it with a Coleman Junior or Universal Spectro- 
photometer. 


Like the Coleman instruments you already know, the Photofluorometer 
is easy to use . . . easy on the budget, and de- 

livers analytical data with the faithful depend- 

ability you need in a clinical instrument. / 


Write for new procedure T-147 “Total Catecholamines 
in Urine.” For full data on the Photofluorometer, ask 
for Bulletin B-245. 


COLEMAN INSTRUMENTS INC., DEPT. E, MAYWOOD, ILLINOIS 
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Coleman Electronic Photofluorometer 
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VOLUMETRIC SOLUTION 
CONCENTRATES 


HARLECO concentrates are precisely measured on specialized equipment. This 
pre-standardization in a concentrated form assures the chemist a satisfactory 
solution in a matter of tes. Mini space is required to carry on hand 
the small sealed box which contains the exact measured quantity for rapid 
dilution to a 1000 ml. volume of the labeled strength. Dilution to 500 ml. pro- 
vides an exact double strength or to 2000 ml. just half the labeled normality. 
Write for new Harleco Catalog Supplement No. 582 Second Edition. 


Havleco Procducls ave avilatle off your supply house 
HARTMAN-LEDDON COMPANY 


60TH & WOODLAND AVENUE * PHILADELPHIA 43, PENNSYLVANIA * U.S.A. 
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/homis.—Seligson 


DRAIN TYPE COLORIMETER TUBE 


A specially designed 10 ml tube of boro- 
silicate glass for use in the Klett-Summerson 
Colorimeter to permit loading and draining 
of successive samples without removal of the 
tube except for periodic cleaning. Rinsing 
between successive samples is unnecessary 
if the tube is kept clean by soaking overnight 
in cleaning solution. 


Use of the same tube for standard and sam- 
ple promotes accuracy, eliminates need for 
matched tubes, and saves time ordinarily 
spent in handling and cleaning numerous 
tubes. 

Particularly convenient when used in 
combination with the Seligson Automatic 
Pipette for preparation of the sample. 


Inside diameter approximately 12 mm, 
outside diameter approximately 14 mm, over- 
all length 135 mm. With flared top to facili- 
tate filling and with tapered tubulation 4 mm 
outside diameter at bottom for rubber tubing 
connection to waste receiver or aspirator. 

Can be used in the Test Tube Model or, 
by means of an Adapter, in the Glass Cell 
Model of the Klett-Summerson Colorimeter. 
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...for use in the Kiett-Summerson Photoelectric Colorimeter 


ARTHUR H. 


More and more laboratories rely on — 


Current instruments are drilled with circular 
openings in the base plate and in the bottom 
of the sample compartment to accommodate 
Drain Tube. Earlier models require modifica- 
tion in accordance with directions accom- 
panying the Tube. 


3788-E2. Colorimeter Tube, Drain Type, 
Thomas-Seligson, capacity 10 ml, as above 
described, with directions for use......... 1.40 
10% discount in lots of 12. 


NOTE—To protect the exterior of the Drain Tube against 
accidental spillage, we recommend the use of a 5115-V 
Neoprene Adapter, size No. 3, in inverted position below 
the flared top of the Drain Tube. 

A suitable waste connection can be provided by a | ft. 
length of 8848 Rubber Tubing and a 3278 Pinchcock, 2% 
inches long. Longer tubing will be required for connection 
to an aspirator, depending on location of faucet. 


5115-V. Neoprene Adapter, size No. 57 
8848. Rubber Tubing, 3 mm bore, | ft. long; for connection 
of Drain Tube to waste reservoir. ......6.6.0-06+ Per foot 12 
Per foot in carton containing 12 ft... .09 
3278. Pinchcock, 2% inches long... 21 
5286. Filter Pump (Aspirator), of polished brass; 4% 
5289. Coupling, of brass, for connecting aspirator with 
faucet without thread; Ye-inch ip. thread... 1.20 


THOMAS COMPANY 


Laboratory Apparatus and Reagents 


VINE ST. AT SRD PHILADELPHIA PA. 
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CLINICAL AND EXPERIMENTAL 


THE FINDING OF URINARY PROTEOSE IN CERTAIN 
RENAL DISEASES 


ISOLATION AND IDENTIFICATION 


Jacos M. M.D., ALVIN Dustin, M.S., AND 
S. Howarp ArmstroNG, -Jr., M.D. 
CHicaco, Tin. 


HE most common protein precipitants employed in the routine evaluation 

of proteinuria are sulfosalieylie acid, trichloroacetic acid, and heat and 
acetic acid. While it has been known for many vears that there are qualitative 
differences in the proteins of urines from patients with varied diseases,’ it has 
not always been possible to differentiate by simple chemical means between the 
proteinuria of various types of active renal disease and that of congestive heart 
failure, pregnancy, and other extrarenal proteinurias by these precipitants or 
indeed by more elaborate techniques of physical chemistry. 

In the routine analysis of urines from nephritie and cardiac patients, one of 
us (J.M.L.) noted that the initial urines of a patient with active glomerulo- 
nephritis confirmed by biopsy yielded heavy precipitates on first boiling, followed 
by acidification but much less to no precipitate when the order was reversed, 
that is, the urine first acidified with acetic acid and then boiled. (The details 
of clinical and laboratory findings on this patient are given in the Appendix. ) 
The protein-containing urines from certain cardiac patients and from certain 
pregnant women examined at the same time did not reveal this phenomenon. 

The phenomenon suggested presence of a heat-resistant, water-soluble sub- 
stance, protein-like in nature. 


From the Hektoen Institute for Medical Research of the Cook County Hospital and the 
Department of Medicine of the University of Illinois College of Medicine, Chicago, 

These studies have been supported by Grant A-927 from the National Institute of Arthri- 
tis and Metabolic Diseases, United States Public Health Service. 

Presented in part before the Thirty-first Annual Meeting of the Central Society for 
Clinical Research, Chicago, Oct. 31 and Nov. 1, 1958. 

Received for publication June 16, 1958 
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The usually aecepted definition of proteoses is in terms of this differential 
solubility, “. . . soluble in water, non-coagulable by heat, and precipitated by 
saturating their solutions with ammonium sulfate,’ and carries no a priori 


implication as to molecular size or shape. 

The purpose of this report is twofold: (1) to deseribe the isolation of such 
a proteose; its gross solubility, eleetrophoretic, and certain other chemical char- 
acteristies and (2) to present a preliminary survey by a simple clinical test of 
the incidence of this proteose in proteinurias of a variety of clinical classifiea- 
tions. 


METHODS 


Isolation of Proteose.—Proteose-containing urine was acidified with acetic acid to 


pH 5.2, boiled for 5 minutes, the globulins and albumins precipitated, and the urine filtered. 
To the filtrate was added ammonium sulfate to full saturation to assure complete salting 
out of the proteose. 

The proteose precipitate was separated by centrifugation, the supernatant poured 
off, and the proteose taken up into solution again with a small amount of distilled water. 
The supernatants showed no further precipitation with 5 per cent sulfosalicylie acid or 
ammonium sulfate. 


The resulting proteose was dialyzed against veronal buffer of pH 8.6, 0.1 ionie 


strength, at —-5° ©, for 3 days, changing the buffer each day, and studied electrophoreti 
cally. 


Electrophoretic Studics.—Zone electrophoresis was performed wit’) quantitation of 
the bromphenol blue color’ of the paper strips with a photometric seanner (‘Spinco 
Analyvtrol 

Another eleetrophoretic strip of the same proteose was stained with periodic acid 


leucofuchsin (Schiff reaetion) for protein-bound carbohydrate.4 


Hexose and Hexcosamine.—The protein-bound hexoses were determined according to 
Lustig and Langer,® and the protein-bound hexosamines were determined according to the 
method of Elson and Morgan.® 


Clinical Test for Proteose Identification. (1) Freshly voided urine is filtered, acidified 
with acetic acid to a pil between 5.0 and 6.0, brought to a boil, boiled for 5 minutes, and 
filtered. 2) Two milliliters of the filtrate is then layered over 2 ml. of saturated tri 


chloroacetie acid. 


The development of a ring of white precipitate at the junetion of the layers con 


stitutes a positive test for proteose. A rough quantitative estimate is arrived at by the 
density and height of the precipitate 


at the junction and is graded from 1 plus to 4 plus. 


RESULTS 


Properties of the Isolated Proteose-—From all the evidence to date, the 
substance that we have isolated from the urine of patients with nephritis is 
characterized by the following: (1) preeipitated by sulfosalieylie and trichloro- 
acetic acids; (2) precipitated by 0.25 M trichloroacetic acid, goes into solution 
when heated to 98° to 97° C., precipitating again when cooled between 90° and 
© 


(this phenomenon can be repeated a multiple number of times); (3) 
not coagulated by heat; (4) although not precipitated by half saturation, pre- 
‘ipitation occurs on full saturation with ammonium sulfate; (5) nondialyzable, 
and not precipitated by dialysis against distilled water; (6) biuret-positive, giv- 
ing a weak reaction; (7 


) eleetrophoretically characterized by its position pre- 
dominantly at alpha-1, and extending almost to the alpha-2 position (Fig. 1); 
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(8) contains approximately 30 mg. of bound hexose and 50 mg. of bound hexos- 
amine per 100 mg. of nitrogen; and (9) reported by Dr. R. J. Winzler as giving 
a strongly positive precipitin reaction with orosomucoid antisera. (This may 
be an instance of a cross reaction reported for proteins of high carbohydrate 
content. )* 

The solubility properties displayed by the substance isolated from the urine 
fulfills the criteria set forth in the definition for proteoses given in the introdue- 
tion. 


Further physical and chemical studies are being conducted on this proteose 
and will be reported in a future communication. 


Fig. 1.—Patient J. MeQ. Strip A, serum electrophoresis with 
0.1 ionic strength, and stained with bromphenol blue Strips B and C, isolated proteose 
electrophoresis under the same conditions, but with B stained with bromphenol blue and the 


C with periodic acid leucofuchsin (Schiff reactien). Note correspondence of position of chief 
component in B and C with the chief (faster) component in C of Fig. ¢ 


veronal buffer at pH 8.6, 


Patients.—Patients with proteinuria were selected from the wards at Cook 
County Hospital, and the urines from nephritic patients who had been followed 
for periods up to 2 years in the Research Nephritie Clinic at Hektoen Institute 
were studied. The usual methods of clinical classification were supplemented 
by renal biopsy in 13 of the 50 patients studied. 


Acute Glomerulonephritis (Acute Phase).—-A detailed report of the clinical, 
laboratory, and renal biopsy findings is given in the appendix for Patient R. B. 
on whom serial studies have been made. Analysis of his urine some 10 days 


after sore throat and about a week after onset of edema revealed a 4+ reaction 


with 5 per cent sulfosalicylie acid, and a reaction of the same intensity with 
heat, but no precipitate formed when the urine was first acidified with acetic 
acid and heated to boiling. The proteose reaction was 3+. 
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Fig. 2.—Patient R. B. For identification of dates relative to clinical course, sore throat 
appeared about 3/4 and generalized edema appeared about 3/8, was almost gone about 3/24, 
and completely gone 4/7 (see text and Appendix). 


Fig. 3.—Patient R. B. Strips A and B, serum and urine electrophoresis, respectively, 
with veronal buffer at pH 8.6, 0.1 ionic strength, and stained with bromphenol blue. Strip =. 
urine electrophoresis under the same conditions but stained with periodic acid leucofuchsin 
(Schiff reaction). Compare C with B and C of Fig. 1. 
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One week later, when edema was almost gone, the urine still gave a 4+ reac- 
tion with snlfosalieylie acid, but a precipitate now appeared when the acidified 
urine was heated to boiling. The proteose reaction was less, about 2+.  Subse- 
quent analyses revealed that the detectable heat-coagulable proteins increased 
while the proteose content decreased until about a month after onset (with pa- 
tient asymptomatic and edema free) there were only heat-coagulable proteins 
with no proteose to be detected. These findings are illustrated in Fig. 2. 

Serum and urine protein electrophoreses were performed by methods pre- 
viously described from this laboratory,” and the patterns of the urine disclosed 
a trailing of the albumin corresponding to the alpha-1 position. An electro- 
phoretie strip of urine collected some 2 weeks after onset of edema, when treated 
wit! the periodic acid-Schiff reagent, revealed a positive reaction at the alpha-1 
position (Fig. 3). 


TABLE |. HEALED ACUTE GLOMERULONEPHRITIS 


URINE STUDY 
TIME AFTER 
ORIGINAL | ACUTE EPISODE |SULFPOSALICY LI ACETIC ACID 
VATIENT DIAGNOSIS (MONTHS) ACID AND HEAT | PROTEOSE 
M. M.* Biopsy 
hi. G.t Biopsy 
P. Sn.} Biopsy 
R. GAS Clinical 
M. P.§ Biopsy 
A. W. Biopsy 


0 
0 
: 


++ + + 


*Repeat biopsy at time of the above urine study showed glomerular healing, but also 
a persistent interstitial nephritis which, in certain areas, was severe enough to be associated 
with tubular atrophy and as many as 4,000 colonies of mixed flora of gram-positive and gram- 
negative organisms per milliliter of catheterized urine. (It is of interest that despite initial 
recovery of Type 12 beta hemolytic streptococci, the antistreptolysin and antistreptokinase 
titers never rose above normal limits.) 

*This patient's antistreptolysin maximum was 833 with rapid subsidence after acute 
episode. While some 6 months after this episode there was transitory —— evidence 
of a superimposed pyelonephritis (by physical examination and examination of urine sediment 
and bacteriology), at the time of the study of urine here reported this had subsided under 
therapy. 

tRenal biopsy 2 months after acute episode showed, in addition to hypercellularity of 
glomeruli and an occasional inflammatory cell, some early lobulation and adhesions Repeat 
biopsy 4 months after acute episode showed regression of the former glomerular changes but 
persistence of the latter at a time when the patient, by ordinary clinical criteria, was well, 
and urine showed only evanescent proteinuria and an occasional cast. At the time of urine 
study here reported, these had disappeared. 

§Multiple urine examinations subsequent to this study disclosed complete absence of pro- 
tein and pathologic-formed elements. 

Type 12 beta hemolytic streptococci were recovered at the time of acute episode. This 
patient’s antistreptolysin maximum was 330 at that time and has fluctuated around the 200 
level to date. While proteinuria has persisted, it is an intermittent finding in monthly ex- 
aminations. Ked cells have been absent from sediment for at least 6 months prior to the urine 


examination here reported; the only remaining pathologic-formed elements are limited te 
sparse granular casts. 


Acute Glomerwlonephritis (Apparent Clinical Recovery).—I\n Table are 
given urine protein and proteose studies for 6 patients whose hemorrhagic glo- 
merulonephritic episodes oceurred over 5 months previously. Diagnosis was con- 
firmed by renal biopsy in 5. (For details of 2 follow-up renal biopsies, see foot- 


notes to Table I.) In the urines of all 6 patients no proteose was found; in 4 


proteinuria had also disappeared and in 2 patients transient proteinuria per- 


sisted despite absence of hematuria, clinical well-being, and creatinine clearances 
which, in serial follow-up studies, stabilized close to normal limits. 
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Chronic Glomerulonephritis (Progressive Course).—Spot checks were made 
on the urines of 16 patients with chronie glomerulonephritis. In 5 of these cases 
the diagnosis rests on renal biopsy and in the remainder on the usual clinical 
criteria. Of this group, one adult was in a hematurie edematous exacerbation, 
and 4 were in a chronie nephrotie state (3 of the latter were children). Six 
adults had progressed to a stage of chronie nitrogen retention of serious de- 
vree, Of the remainder, all but 2 showed creatinine clearances well below the 
normal range. Six adults showed evidence in the formed elements of urine as 
well as by culture of superimposed pyelonephritis of varying degree.* 

A positive test for proteose was found in each of this heterogeneous group 
of chronie glomerulonephritics. In no instance, was the proteose found in the 
absence of simultaneous proteinuria although there was a considerable variation 
noted between the qualitative degree of proteinuria and proteosuria. 

While, at this stage of the study, we have failed to find suggestive correla- 
tions between degree of proteosuria and apparent rate of progression of the 
renal lesion in individual patients, the universal proteosuria of this group stands 
in contrast to the acute glomerulonephritie patients of the preceding section (in 
whom histologie evidence of healing of the inflammatory glomerular changes is 
associated with absence of proteosuria ). 


Pyclonephritis Associated With Obstructive Uropathy.—In a study of the 
urines from 5 patients whose diagnoses rested on obvious clinical grounds, blad- 
der urines alone were used in 3; in the fourth, simultaneous study of bladder 
urine and urine from a nephrostomy drainage was carried out; in the fifth, 
simultaneous study of bladder urine and urine from both kidneys on ureteral 
catheterization was carried out. None of these patients were diabetics. 

In all urines studied, some degree of proteosuria accompanied clear-cut pro- 
teinuria. 


Nephropathies Associated With Diabetes.—The urines of 6 patients with 
nephropathy associated with diabetes mellitus were studied. 

In one of these, the diagnosis of intereapillary glomeruloseclerosis was made 
by biopsy, and superimposed pyelonephritis was suspected because of polymor- 
phonuclear leukoeytie casts and baeteriologie evidence. In 3 others, a diagnosis 
of intereapillary glomerulosclerosis was inferred on the basis of diminished 
serum albumins in the presence of massive proteinuria. In one of these, evi- 
denee of superimposed pyelonephritis was also found; 2 showed no evidence of 
nitrogen retention; 3 showed minimal nitrogen retention; one was in fatal ure- 
mia, 

All showed proteosuria of some degree associated with the proteinuria. 
There was no clear-cut parallelism between the degree of proteinuria and pro- 
teosuria as studied by these qualitative methods. 

Protcinurias the Origin of Which Is Presumably Not Associated With In- 


flammatory or Exudative Renal Changes.—The chronie glomerulonephrities, ob- 
structive uropathies, and diabetic nephropathies of the above 3 sections stand 


*Detailed clinical courses of these patients together with serial electrophoretic analysis 
of urine proteins are in preparation in collaboration with Dr. D. S. Kushner. 


3 
i 


valeen URINARY PROTEOSE IN RENAL DISEASES 173 
in contrast to a group of 10 patients who, though comparable in degree of quali- 
tative proteinuria, showed no evidence of proteose in the urine. Of these, 5 
were in congestive heart failure (2 were classified as cor pulmonale, 2 as 
arteriosclerotic heart disease, and 4 as hypertensive heart disease). The 2 other 
patients in this group carried the diagnoses of metastatic carcinoma and chronic 
relapsing pancreatitis, respectively. 

Miscellaneous Proteinurias.—One patient with a clinical diagnosis of lupus 
erythematosus (whose renal biopsy showed glomerular changes consistent there- 
with) showed proteosuria in association with the proteinuria. Two patients 
with the same diagnosis and in the absence of evident renal involvement showed 
no proteosuria or proteinuria. In addition, 3 patients with multiple myeloma 
were studied; 2 showed evidence of Bence Jones proteinuria, and one showed 
proteinuria in the absence of Bence Jones proteinuria. All 38 patients showed 
positive qualitative tests for proteosuria. The proteose findings may be ex- 
plained by the presence of Benee Jones protein which is proteose in nature.° 

DISCUSSION 

The literature is replete with investigations of proteinuria, and innumer- 
able studies have bee.. conducted on sera and urines of nephritie patients.'"'” 
The problem of the nature of the nephritic proteinuria has been approached es- 
sentially from these directions: (1) the qualitative whereby the stability of a 
gold sol was studied with the urines from patients with various pathologie con- 
ditions,' and the specifie serologie reactions whereby sera drawn during the 
edematous stage of nephrosis were reacted with antibodies from rabbits hyper- 
immunized with serum globulin from nephritie patients'®; (2) the quantitative 
whereby proteins wee fractioned into albumins and globulins, studying their 
ratios and comparing the findings with that of sera.’ '* Most recently, electro- 
phoresis by the paper strip method has been employed for the separation and 
quantitation of serum and urinary proteins in nephritis." 

By the usual methods for urinary protein precipitation, such as sulfo- 
salieylie acid or trichloroacetic acid, the proteose also precipitates. By these 
techniques, it was impossible to differentiate the proteose from the albumin and 
globulin. These techniques overlooked the possibility of the presence in urine 
from nephritic patients of a heat-soluble protein which is precipitated with 
sulfosalievlic acid and trichloroacetic acid, but is released from the precipitate 
on boiling and then recovered in the filtrate’: a protein which is left in solution 
after the coagulation of albumin and globulins by acidifying and boiling the 
urine. These were the properties which led us to the isolation of the proteose. 

Beckman and associates’? reported the isolation of a protein soluble in 
trichloroacetic acid. No mention of the etiology of the proteinuria is made. 
Ifowever, a comparison of the properties of their protein with the proteose iso- 
lated by us from the urine of nephritic patients does not reveal identity. While 
the Beckman protein was not precipitated by 0.25 M trichloroacetic acid, the 


material here reported is so precipitated. The Beckman protein was precipi- 
tated by heat and acetic acid while the proteose reported here is soluble, and 
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this is the basis for the separation of the proteose in our proposed diagnostic 
test for active renal disease. While the proteose is not precipitated until full 
saturation with ammonium sulfate, the protein of Beckman and associates was 
precipitated by half-saturated ammonium sulfate. Eleetrophoretieally, the mo- 
bility was similar. The authors do not report whether their protein contained 
carbohydrate. The proteose reported here gives a strongly positive test for ear- 
bohydrate with the periodic acid-Schiff reagent (Fig. 1). 

Popenoe'* reported an investigation of the trichloroacetic acid-soluble pro- 
tein of urine reported by Beckman and co-workers"? and concluded (1) that the 
principal acid-soluble protein of children with nephrotic syndrome is indistin- 
guishable from the alpha-1 acid glycoprotein isolated by Sehmid'® from normal 
human plasma by eleetrophoresis, by analysis for hexose, hexosamine, and nitro- 
ven, and by a specifie precipitin test and (2) that it is not unique to pathologic 
urine. The glycoprotein reported by Popenoe'* did not form a precipitate on 
heating in dilute acid or on half-saturation with ammonium sulfate and was 
soluble in 0.25 M trichloroacetic acid, 1.8 M perechlorie acid, and in 0.6 M sulfo- 
salicylie acid fulfilling the eriteria for the purified acid glycoprotein of normal 


plasma.'® *" The proteose isolated by us from the urine of nephritie patients is 
precipitated by all the above-mentioned acids of the stated concentrations. The 
comparison of the properties of the materials reported by Beckman and asso- 
1s 


ciates,'” Popenoe,'® and of the proteose reported here is summarized in Table IT. 


TABLE II 


BECKMAN AND MATERIAL HERE 
REAGENTS ASSOCIATES!7 | POPENOE!S REPORTED 
0.25 M trichloroacetic acid Soluble Soluble Precipitated 
Acetic acid and heat Precipitated Soluble Soluble 
Salting out with am Half saturation Full saturation Full saturation 
monium sulfate 

1.8 M perchloric acid Soluble Precipitated 
0.6 M sulfosalievlic Soluble Precipitated 


In a most recent and extensive study of the protein-bound carbohydrates 
in human serum and urine in proteinuria, Laurent*' reported that in pathologie 
sera a wide range of quotient values was found indicating the presence of abnor- 
mal proteins and/or pathologically increased amounts of normally occurring pro- 
tein fractions with carbohydrate quotients deviating from the average values. In 
proteinuria, the albumins and globulins of the urine contained hexose in approxi- 
mately the same amounts as the serum. There were no salient differences be- 
tween the bound-earbohydrate quotients of the sera investigated and between 
the corresponding serum and urine fractions. The results from his study of 13 
normal human sera, 86 sera obtained from patients with kidney disorders and 
miscellaneous conditions, and 44 urine samples from patients with proteinuria 
of varied origin led Laurent to the conelusion that no loss of bound-earbohy- 
drates occurred during the passage of protein through the kidneys. 

(Gioettsch and Lyttle'® reported in their precipitin studies in nephrosis and 
nephritis that the altered protein in the globulin fraction of 3 patients, when 
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injected into the rabbit, formed antibodies which did not react with normal 
globulin; the antibodies reacted with nephrotie sera drawn during the edematous 
stage of nephrosis but not with the sera of healed nephrotic patients. These tem- 
poral relations are analogous, although not identical, with the sequences noted 
above for urinary proteose in the serial study of Patient R. B. (acute glomeru- 
lonephritis). We have no comparable sequential studies in our chronie glomeru- 
lonephritic group; in part, because it is chiefly adult, and “healing” in an adult 
glomerulonephritie nephrotic patient is rare.* 


Our preliminary studies lead us to believe that the occurrence of urinary 
proteose (in contradistinction to protein), may be correlated with active paren- 
echymal renal inflammatory changes. Proteosuria per se does not yet, in our 


experience, distinguish between glomeruli and tubules as primary foci of in- 
flammation or between direct bacterial and autoimmune pathogenesis. The ab- 
sence of proteosuria in our proteinurias whose pathogenesis is probably not 
correlated with parenchymal inflammation leads us, in rather old-fashioned ter- 
minology, to the suspicion that, while proteinuria may be transudative or exuda- 
tive, proteosuria is clinically indicative of an exudative process. 


SUMMARY 

1. The isolation of a proteose from the urine of nephritic patients is re- 
ported. This proteose is electrophoretically characterized by its position pre- 
dominantly at alpha-1, extending almost to the alpha-2 position, and yields a 
strongly positive carbohydrate reaction with the periodie acid-Schiff reagent. 

2. A simple test based on the solubility of this proteose is presented, with 
evidence (based on a study of 50 patients in diagnostic categories including 
acute active and “healed” glomerulonephritis, chronic glomerulonephritis, pye- 
lonephritis, diabetic nephropathy, and congestive heart failure) suggesting its 
utility in the elinieal differentation of active parenchymal renal inflammation 
from proteinurias produced by other mechanisms. 


APPENDIX 

R. B. (C. C. H. 58-17226), an 18-year-old Puerto Rican male, was admitted with 
chief complaint of periorbital edema of 4 days’ duration. One week before admission, he had 
a sore throat which had subsided by the time of edema appearance. He denied visible hema 
turia, headache, prior episodes of edema, or any other phenomena suggestive of glomerulo 
nephritis or pyelonephritis. 

On physical examination, the only significant abnormal finding was a minimal generalized 
puffiness noted particularly in the face, hands, sacrum, and ankles. Specifically, blood pressure 
was within normal limits as were the fundi and heart size. 

The initial opinion of the renal team favored acute glomerulonephritis as a clinical 
diagnosis; however, in the absence of gross hematuria, one member believed the proper classi 
fication to be an exacerbation of a chronie membranous glomerulonephritis. 

Although his initial urine was not grossly bloody, on microscopie examination it was 
loaded with red cells and, in addition, contained a few white cells and granular and hyaline 
casts in the centrifuged sediment. Neither white nor red cell casts were noted in the first 2 
weeks of his course, and there were no white cell clumps. 


*Ongoing serial studies in collaboration with Dr. Aaron Grossman of Cook County Chil- 
dren’s Hospital are aimed at elucidation of this point. 


= 


176 LEVINE, DUBIN, AND ARMSTRONG J. Lab. & Clin. Med 


February, 1959 


His initial serum albumins were 3.6 Gm. per cent, total globulins 1.5 Gm. per cent, 
gamma globulins 1.1 Gm. per cent, and cholesterol 147 mg. per cent. 

An initial nonprotein nitrogen of 70 mg. per cent had returned to 32 mg. per cent at 
the end of the first week of hospitalization and his edema had disappeared. At this time, 
his 24-hour proteinuria amounted to 9.1 Gm. 

At the end of his second hospitalized week, proteinuria amounted to 6.1 Gm. per 24 
hours, creatinine clearance was 86 ml, per minute, serum creatinine 1.0 mg. per cent, total 
serum lipids were 580 mg. per cent, lipid phosphorus 9 mg. per cent, serum mucoprotein 
was 81 mg. per cent, and gamma globulins were 0.85 Gm. per cent. 

His initial urine culture showed no growth. His initial throat culture showed no beta 
hemolytic streptococci. However, while his initial antistreptolysin titer taken at the end 
of 2 weeks was 250, by the fourth week it had arisen to 333. The corresponding antistrep- 
tokinase values were 160 and 320, respectively. By the sixth week, the antistreptolysin titer 
had fallen to 250, and it remained at this level or below for the remainder of his course. 
His antistreptokinase titer, which was 160 2 weeks after admission, rose to 320 4 weeks after 
admission and thereafter returned to its initial normal level. 

Renal biopsy, carried out one month after admission, was consistent with a diagnosis of 
proliferative glomerulonephritis, with findings suggestive of a chronic membranous process 
at a minimum. (Detailed report of histology is in preparation for publication in collaboration 
with Dr. P. B. Szanto.) Culture of this biopsy was sterile. 

At this time, multiple urine examinations continued to show 4+ proteinuria; 24-hour 
proteinuria amounted to 3.4 Gm, Microseopie hematuria had all but disappeared and the 
formed elements of the sediment were limited to a few white cells and hyaline casts. 

When seen up to 3 months after admission in the Research Renal Clinic, he continued 
to be asymptomatic and normotensive with normal serum cholesterol, lipid phosphorus, total 
lipids, and a creatinine clearance remaining in the 90’s, However, a 1+ to 2+ proteinuria and 
minimal microscopic hematuria has persisted. On one oceasion, white cell clumps were seen 
in the urine. Two urine cultures were sterile; a third showed nonhemolytic staphylococci 
(albus) with a colony count of only 440 per milliliter of urine. 


We are indebted to Warden Fred Hertwig, Cook County Hospital, and to Drs. Leonard 
H, and Louis D. Weissman, Medical Research Foundation, for the provision of basic facilities 
for protein research at the Hektoen Institute, 

We are grateful to Dr. Paul B. Szanto, Director of Pathology, Cook County Hospital, 
for reviewing the renal biopsies and to Dr. Daniel 8. Kushner, Research Nephritie Clinic, 
Hektoen Institute, for his valuable criticism of this manuseript. 

We also wish to express our gratitude to Mr. Claude Flanagan, Department of Bio- 
chemistry, Cook County Hospital, for his technical assistance and to Dr. Richard J. 
Winzler, Department of Chemistry, Universitiy of Illinois College of Medicine, for the 
serologic testing of the material here reported. 
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EFFECTS OF IONIC STRENGTH ON THE RELATIVE MOBILITY OF 
ABNORMAL SERUM PROTEINS 


Newton Ressier, Pu.D., Norman A. Netson, M.D., Witson P. Ricwarps, M.D., 
AND THomas Moy, B.S. 
Evorse, Micu. 


BNORMAL serum globulins, such as myeloma globulins, macroglobulins, or 
eryoglobulins, are usually characterized, electrophoretically, by a high nar- 
row peak, corresponding to a relatively large concentration and a high degree of 
electrie homogeneity.t. The position of the peak may lie with the y-globulins, 
between the y- and B-globulins, with B-globulins, or more rarely with the a- 
globulins, and a plot of accumulated data on myeloma protein mobilities at pH 
8.6 gives a bimodal distribution curve with one maximum in the gamma region 
and a second maximum in the B-globulin region. Although myeloma globulins 
whose mobilities correspond to normal y-globulins usually have Sx» and De, 
values in the normal y-range, the individuality of each abnormal globulin, i.e., 
patient-specificity, is emphasized by immunologic investigations.* 

Previous electrophoretic studies of normal serum proteins have shown 
that the relative mobility of various serum globulins may be altered grossly by 
variations in ionie strength of the buffer. Since this alteration appears related 
to such factors as axial ratio of the molecules and specific ion binding, it was 
felt that an investigation of the dependence of mobility upon ionie strength 
would provide a further comparison of abnormal to normal globulins. Conse- 
quently 5 different human sera, 1 normal and 4 containing abnormal globulins, 
were subjected to electrophoresis simultaneously, at a number of different buffer 
concentrations. The sera inelude a myeloma protein with the mobility of y-glob- 
ulin, one with the mobility of B-globulin, and 2 maeroglobulins. The results are 
reported below. 


MATERIALS AND METHODS 


Patients.—The serum employed as a normal control was obtained from a 23-year-old 
woman, apparently in good health. 

Serum A was from a patient who had multiple myeloma, with an abnormal protein whose 
electrophoretic mobility corresponds to y-globulin. The clinical diagnosis was confirmed 
by autopsy. 

Serum B was from another patient with multiple myeloma and an abnormal protein 
whose electrophoretic mobility corresponds to B-globulin, The clinical diagnosis was con- 
firmed by autopsy. 

Serum © contained an abnormal protein shown by ultracentrifugal analysis to be macro- 
globulin. There were 3 components with sedimentation constants of 4.58, 178, and 23.68.* 


Water dilution and temperature viscosity index were also positive. In addition, the serum 
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*The ultracentrifugal analyses and sedimentation constant calculations were carried out 
by Dr. H. Ko of The Upjohn Company, Kalamazoo, Mich. 
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contained a pyroglobulin.s The macroglobulin is included in the pyroglobulin fraction, since 
electrophoresis of the serum, after removal of pyroglobulin, no longer showed the presence 
of macroglobulin. 


Serum D contained a macroglobulin, diagnosed on the basis of water dilution, tempera 
ture viseosity index, and ultracentrifugal analysis. The latter again indicated 3 components, 
with sedimentation constants of 4.58, 178, and 23.68." 


Electiophoresis.—The electrophoresis was conducted by the fluid film method, which has 
been deseribed previously.6 A veronal buffer of plIl 8.6 was used at the following concen 
trations: 0.01 M, 0.02 M, 0.033 M, 0.066 M, 0. 1M, and 0.15 M. At each concentration, 
all 5 sera were migrating simultaneously in the same buffer solution, thus tending to cancel 
out possible variations that could affect the comparison of different sera at the same ionic 
strength. The electrophoresis was conducted for a period of 44% hours at 160 volts, cor 
responding to a potential gradient of 5.0 volts per centimeter. 


RESULTS 

The electropherograms of the 5 sera, at each of the 6 buffer concentrations, 
are shown in Fig. 1. Densitometer curves (optical density of the stained electro- 
pherogram along the migration path) for the normal controls were obtained 
with a Kelab densitometer and are presented in Fig. 2. The relative mobility 
of the 4 abnormal globulins was determined from the position at which the 
outside edge of the migrating band was parallel to the direction of the electric 
field. Each abnormal globulin is designated in Fig. 2 by a bar indicating its 
position when the normal and abnormal electropherograms are superimposed. 

It is seen that mobility varies with buffer ion concentrations. For example, 
as the buffer concentration decreases, globulin A moves progressively closer to 
the rear or toward the cathode in the same electropherograms and also as com- 
pared to the y-globulins of the normal control, Fig. 2. The mobility of glob- 
ulin B, however, compared to the mobility of normal £,-globulin appears con- 
stant. The maecroglobulins remain at the point of origin in the 0.01 M and 0.02 
M buffers. In the 0.033 M buffer, macroglobulin C begins to migrate from the 
origin, and a new faint band appears toward the cathode, suggesting an equilib- 
rium between soluble and relatively insoluble fractions of this protein. Maero- 
globulin D does not migrate until the buffer concentration reaches a value of 
0.066 M. The 6 normal electropherograms, corresponding to the curves of Fig. 
2, are reproduced schematically in Fig. 3. The seales of the abscissa are altered 
as above. 

Since each macroglobulin does not migrate from the origin until the ionic 
strength reaches a specific value, the absorbance of sera C and D, each diluted 
1 to 50 with veronal buffer, was measured at various buffer ion concentrations 
in a Coleman Universal spectrophotometer, 530 mp. As Fig. 4 shows, an in- 
crease in turbidity, which can be correlated with an increasing particle size due 
to aggregation or decreasing solubility, occurs as the buffer concentration de- 
creases. The concentration at which the absorbance begins to inerease is slightly 
below 0.04 M for serum C, and below 0.07 M for serum D. These values cor- 
respond to the respective buffer concentrations at which the 2 macroglobulins 
begin to migrate from the origin. 


*See footnote on opposite page. 


Fig. 1A. 


Figs. 14 and 1B Klectropherograms at 6 indicated veronal buffer concentrations. In 
each case, the top serum is the normal control, while the other sera are referred to in the 
text by the designated letter. 
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Fig. 1B.—(For legend see opposite page.) 
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RESSLER, NELSON, RICHARDS, AND MOY J 
DISCUSSION 

The dependence of relative mobility of normal serum proteins upon ionie 
strength agrees with results obtained previously.‘ With a decreasing ionic 
strength, the results can be summarized as follows: (1) the relative mobility 
of a,-globulin increases until, at a veronal coneentration of 0.01 M, it becomes 
incorporated into the albumin band; (2) the relative mobility of the a2-globulin 
also inereases; (3) the width of the a.-globulin band increases suggesting a dis- 
sociation into further components; (4) the f-globulin dissociates into a B,- 
and a B.-component. y,- and y2-globulin ean be seen as distinet fractions only 

in the two highest buffer concentrations. 


Densitometer curves of the normal control of Fig. 1. Relative mobilities of the 
abnormal globulin of each serum are indicated. 


The alteration in the relative mobility and increasing separation of the 


various protein components with variation in ionie strength may be related to 
both the retarding effeet of the ionic atmosphere and to binding effects between 
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Fig. 3.—-Electropherograms corresponding to the curves of Fig. 2, reproduced schematically to 
indicate the relative positions of the abnormal globulins. 


00! 002 003 004 005 006 008 009 Ot 


Fig. 4.—-The absorbance of the 2 “macroglobulin-containing sera” after a fiftyfold di- 
lution with buffers of varying concentration. Ordinate is absorbance and abscissa is buffer 
concentration. The drop in the absorbance of serum C in most dilute buffer was due to the 
formation of a heavy precipitate. 
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the proteins and buffer ions. The mobility (,) of a protein moleeule has been 
shown to be related to its charge (Q) by the expression’ : 


where » is the viscosity; r is the effective protein spherical radius; r; the average 
radius of the buffer ion; f («,r) a function correcting for field distortion by 
a large nonconducting particle; « is the Debye function; C is a dimensional con- 
stant; and f (x, a/b) is a funetion correcting for the asymmetry of a protein of 
axial ratio a/b. 

It has been shown that the retarding effect of the ionie atmosphere due to 
the asymmetry funetion (x, a/b) is quite marked and that its effect is not con- 
stant for a given shape, but increases with the ionie strength.’ Since the serum 
proteins vary in regard to symmetry and axial ratio, their relative mobilities 
will thus be affected. A further cause for alteration of relative mobility with 
changing ionic strength may be unequal binding of buffer ions by the different 
proteins, which would thus influence the net charge, Q. Binding of buffer ions 
has been shown to be extensive, and to vary quantitatively, with individual pro- 

Similar considerations would also apply to abnormal globulins. The rela- 
tive shift in position of myeloma globulin A (Fig. 3) toward the rear of the 
gamma as the ionie strength is decreased illustrates that a myeloma globulin can 
exhibit the mobility of an “M” or a “gamma” type at one ionie strength, and the 
mobility of a “slow” type protein at another ionic strength. 

The electropherograms obtained with the 0.15 M, 0.1 M, and 0.066 M buffers 
reveal an opposite effect of ionie strength on globulins A and D, A moving back- 
ward and © tending to move forward as the ionie strength decreases. This be- 
havior is not exhibited by any normal protein visible in the same areas, which 
suggests that the abnormal globulins A and C differ, electrophoretically, from 
normal components. The possibility is not exeluded, however, that correspond- 
ing normal components may exist, but in too low a concentration to be detected. 

The macroglobulins, C and D, are the most grossly affected by ionic 
strength. This is due to aggregation or insolubility at lower buffer concentra- 
tions. The buffer concentrations at which the diluted serum begins to become 
more turbid (Fig. 4) corresponds to the buffer concentration at which each 
macroglobulin will no longer migrate from the point of origin (Fig. 1). The 
macroglobulin C shows an equilibrium between soluble migrating and insoluble 
nonmigrating fractions in the 0.033 M buffer. Although both maecroglobulins 
are identical on the basis of ultracentrifugal analysis, the electrophoretic and 
solubility characteristics of each one are different, agreeing with the concept 
of “patient-specificity.”* The heat sensitivity of globulin C is a further point 
of individual difference. The fact that the veronal buffer concentration at which 
macroglobulin D is sufficiently soluble to freely migrate lies close to 0.07 M, is 
especially important since paper electrophoresis is commonly conducted at a 
concentration of 0.05 M. Under such circumstances, the mobility of a macro- 
globulin may be altered by ineomplete solubility. The concentration of buffer 
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suitable for the ecleetrophoresis of a given macroglobulin, without modification 
of mobility due to ineomplete solubility, ean readily be determined by the 
method deseribed above. 


SUMMARY 


Sera containing abnormal globulins have been subjected to electrophoresis 
in buffers varying in ionie strength. It has been found that the mobility of an 
abnormal globulin, compared to the normal globulins of the same serum, may 
change with concentrations of buffer ions. Possible reasons for this dependence 
are discussed. 


The two macroglobulins investigated did not migrate far from the origin 
in buffer concentrations below a critical value, specific for each protein. This 


effect was found to be correlated with aggregation or insolubility of protein 
molecules. A simple method is described to determine what buffer concentra- 
tion may be suitable for the electrophoresis of any particular macroglobulin. 


REFERENCES 


. Waldenstrom, J.: Abnormal Proteins in Myeloma, Adv. Int. Med. 5: 398, 1952. 
2. Putnam, F. W., and Udin, B.: Proteins in Multiple Myeloma, J. Biol. Chem. 202: 727, 
1953. 
3. Korngold, L., and Lipari, R.: Multiple Myeloma Proteins, Cancer 9: 183, 1956, 
. Ressler, N., and Jacobson, 8. D.: Effect of Buffer on Fluid Film Electrophoresis, Clin. 
chim, Acta 2: 372, 1957. 
. Martin, W. J., and Mathieson, D. R.: Pyroglobulinemia (Heat-Coagulable Globulin in 
Blood), Proc. Staff Meet., Mayo Clin, 28: 545-554, 1953. 
. Ressler, N., Nelson, N. A., and Oster, H. L.: Fluid Film Method of Electrophoresis, 
J. Las. & CLIN. MED. 51: 623, 1958. 
. Abramson, H. A., Gorin, M. H., and Moyer, L. 8.:  Eleetrophoresis of Proteins, New 
York, 1942, Reinhold Publishing Corporation. 
. Klotz, I. M., and Urquhart, J. M.: Binding of Organie Ions by Proteins, J. Phys. & 
Coll, Chem, 53: 100, 1949. 
. Alberty, R. A.: Variation of Isoelectric Point With Tonie Strength, J. Phys, & Coll. 
Chem. 53: 114, 1949. 
10. Longsworth, L. G., and Jacobsen, C. F.: Binding of Salt Tons by Proteins, J. Phys. 
& Coll. Chem. 53: 126, 1949. 
11. Velick, 8S. F.: Interaction of Enzymes With Small Tons, J. Phys. & Coll. Chem, 53: 
35, 1949. 


= 
a 
> 


ALBUMIN METABOLISM IN NEPHROTIC ADULTS 


ALAN L. Kaitz, M.D.* 
Boston, Mass. 


RINARY loss of albumin is a cardinal manifestation of the nephrotic syn- 
drome.' The degree of hypoalbuminemia, however, has oceasionlly 
seemed out of proportion to the albuminuria.? Recent studies have clarified 
the mechanism of the severe deficiency of serum albumin which may oceur in 


nephrotic children. Using I'"'-labeled serum proteins as tracers and immuno- 
chemical methods of assay, Gitlin and associates* have reported that in children 
with the nephrotie syndrome an abnormally increased fractional rate of 
catabolism of albumin, gamma globulin, and iron-binding globulin may accom- 
pany the urinary loss of these proteins and, thus, significantly contribute to 
their serum deficiencies. 

The present report is a similar study of nephrotic adults to determine 
whether an abnormality of albumin metabolism occurred in the adult as well 
as in the childhood type of nephrosis. 


METHODS 


Three adult patients with latent nephrosis and 3 with overt nephrosis were studied. A 
summary of these patients is given in Table I. 

Each patient was given a single intravenous injection of [131-labeled human serum 
albumin consisting of 0.5 to 1.5 ye per kilogram and a total of 1 to 5 mg. of albumin. The 
labeled preparations were obtained from Abbott Laboratories and contained less than 1 per 
cent nonprotein 1151, These lots were also used for tracer and blood volume studies in other 
individuals without proteinuria and had half-lives of 12 to 17 days with less than 1 per cent 
['*) urinary excretion in 4 hours. All dilutions of the stock 1151-labeled albumin solution were 
made with saline containing 0.5 per cent human serum albumin to serve as carrier and to re- 
duce the probability of radiation effects on the labeled molecules. Lugol’s solution, 10 drops 
3 times a day, was given continuously starting 48 hours before the injection of the 1'51-labeled 
albumin to block thyroid uptake of 1151, 

Complete daily urine collections were obtained on all patients. Venous blood samples 
were drawn every one to two days without anticoagulant and the serum separated from the 
clot. For the purposes of this study, plasma and serum are used interchangeably, Total 1151 
activity was measured on 3 mi, aliquots of urine and serum, Nonprotein ['%1 in the urine 
was determined by precipitation of the protein in a 3 ml. aliquot with 3 ml. 20 per cent 
trichloroacetic acid for 24 hours at 5° C. and assay of 11%! activity in 3 ml. of the supernatant 
after centrifugation. [1% albumin activity in the urine was calculated by subtracting the 
nonprotein from the total 11%) aetivity. The same volume of I'31 albumin solution in the 
sume syringe used for the injection for each patient was diluted 1:5,000 with saline containing 
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0.5 per cent albumin as carrier, A 3 ml. aliquot of this dilution was counted along with all 
samples as a standard to refer all calculations to the administered dose. The use of this 
reference standard obviated the need to correct for [451 decay. 

Plasma volume was determined by the isotope dilution method, dividing the total activity 
injected by the activity in the serum 12 minutes after the injection. The activity in the urine 
at this time was less than 0.1 per cent and could be neglected. The 12-minute interval was 
selected as allowing adequate mixing in the circulation with minimum extravascular diffusion 
and metabolic loss. 


TABLE I, SUMMARY OF PATIENTS STUDIED 


SERUM | 
TOTAL PRO- | | 
URINE 


TEIN ALBUMIN |CHOLESTEROI 
PROTEIN | DRB 


GROUP AND PATIENT (GM.%) 
Group A. Patients with latent 
nephrosis (little or no edema 
and minimal hypoalbumine- 
mia) 
R. T. (BIH 30111), 30-year-old 
white man, studied in October, 
1955. Diagnosis: chronic 
glomerulonephritis 
J. C. (BIH 70382), 35-year-old 
white man, studied in October, 
1955. Diagnosis: chronic 
glomerulonephritis 
H. G. (BIH 65760), 30-year-old (October, 
white man, studied in June, 1956) 
1957. Diagnosis: diabetes 4.6 
mellitus (June, 
1957) 
6.3 


(GM.% ) (MG.%) 


Group B. atients with overt 
nephrosis (edema and moder- 
ate hypoalbuminemia ) 

F. S. (BIH 65073), 29-year-old J , 340-400 
white man, studied in March, 

1956. Diagnosis: subacute 
glomerulonephritis 

H. L. (BIH M 87292), 66-year 1,100-1,630 
old white woman, studied in 
June, 1957. Diagnosis: ne 
phrotic syndrome of undeter 
mined etiology 

M. K. (BIH M 85228), 50-year- 
old white woman, studied in 
June, 1957. Diagnosis: ne 
phrotic syndrome of undeter 
mined etiology 


*Doubly refractile bodies. 


All counting was done with samples in test tubes placed in a well-type sodium iodide 
erystal scintillation counter giving approximately 10° counts per minute per microcurie of 
[131, 

Albumin in the urine and serum at the beginning, middle, and end of the study was 
determined immunochemically using rabbit antiseruint and spectrophotometric analysis of the 
precipitates.5 


RESULTS 


Plasma Disappearance of I'?'-Labeled Albumin.—The plasma disappearance 
eurves are shown in Fig. 1. The interpretation of such curves has received 
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considerable attention.” 7 


The initial rapid decline over the first few days 
represents exchange of the injected [' albumin with available albumin in the 
hody as well as loss via the kidneys and catabolism. The subsequent slower 
decline over the remaining days to weeks represents disappearance due to the 
latter two factors. The constant rate of the slower decline on a semilogarith- 
mic plot indicates that a constant fraction of the tracer remaining in the body 
each day is lost as a result of two processes—catabolism and excretion in the 
urine. Assuming the tracer behaves identically to endogenous albumin, then 
a similar constant fraction of the endogenous exchangeable pool is catabolized 
and lost via the kidneys each day. 
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Fig. 1..-Plasma disappearance curves. 


The results of graphic analysis of the plasma disappearance curves to 
determine the rates of disappearance of the tracer for these patients are shown 
in Table Il. The normal range of turnover half-life for I-labeled albumin 
in adults is 10 to 17 days, corresponding to a turnover rate of 4 to 7 per cent 
of the body pool per day.°* Since in the normal individual urinary loss is 
negligible, these figures represent rates of catabolism. 

lor Patients R. T. and J. C., who were edema-free, and IL. G., with a trace 
of edema, these curves approach normal. The zero time intereept represents 
the fraction of the administered tracer that would have been present in the 
plasma had the tracer assumed its final volume of distribution initially. For 
these 3 patients, the intercepts are 0.42, 0.45, and 0.44; that is, the plasma P' 
albumin would have been 42 to 44 per cent of the total I'' albumin if equilib- 
rium had been obtained initially. This is in excellent agreement with the value 
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obtained by others of 0.45 as the fraction of the total exchangeable albumin 
pool that is in the plasma.** 


TABLE II. 1131 ALBUMIN TURNOVER DATA FROM PLASMA DISAPPEARANCE CURVES 


HALR-LIFE (CATABOLISM RATE OF CATABOLISM 
ZERO-TIME | PLUS URINARY LOSS) PLUS URINARY Loss* 
____ PATIENT INTERCEPT | (DAYS) | (PER CENT PER DAY) 
Group A, Latent Nephrosis 
0.43 7.3 
2. J. C. 0.44 6.0 
3. H. G. 0.42 10.5 
Group B. Overt Nephrosis 
1, 8. 0.38 3.0 23.0 
H. 0.30 3.3 21.0 
3. M. K. 0.38 5.0 13.9 
Normal®*-s 0.45 10 to 17 days 4 to 7% per day 
(Catabolism ) 
0.693 


*Rate (per cent per day) half-life ~ 
e 


100, 

In contrast to these patients, the more rapid disappearance of the 1'"- 
labeled albumin from the plasma in the more severely nephrotic patients (I. S., 
If. L., and M. K.) is evident in Fig. 1. Since the disappearance curve repre- 
sents the combined loss from albuminuria and catabolism it is not possible to 
determine their separate contributions from the plasma curves alone. The 
zero time intercepts of 0.30 and 0.38 in these nephrotie patients are much 
lower than the normal estimate of 0.45 as the fraction of the total albumin in 
the plasma, suggesting in nephrosis a higher than normal extravascular-intra- 
vascular ratio of albumin. An excessive amount of extravascular albumin in 
nephrosis is unlikely since nephrotie edema fluid contains so little albumin.® 
The overestimation of extravascular albumin in nephrosis has been aseribed to 
the fact that the specific activity of the I’ albumin becomes higher in the 
edema fluid than in the plasma. This is presumably due to the slow return of 
the tracer to the circulation from edematous portions of the body. In Patient 
M. K. serial sampling of the edema fluid from the legs revealed that the specific 
activity of the edema fluid was twice the plasma specific activity after 5 days. 

In edematous patients, therefore, the zero time intercept represents the 
final volume of distribution of the tracer and not of the endogenous albumin. 
Under these circumstances the plasma disappearance curves cannot be reliably 
used. to caleulate fractional rates of catabolism and urinary loss or to estimate 
the relative amounts of endogenous albumin in the vaseular and extravascular 
compartments. 

On the other hand, the urinary data provide a more reliable method of 
ealeulation for the rates of albuminuria, catabolism, and synthesis of albumin 
since the fraction of the amount of albumin synthesized per day which is lost 
in the urine is the same as the fraction of the administered tracer dose of 
I'*-labeled albumin cumulatively recovered as T'"'-labeled albumin in the 
urine.” With patients in a steady state in relation to albumin metabolism the 
rate of albumin synthesis should equal the rate of albuminuria plus the rate of 
catabolism. 
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The rates of albuminuria, catabolism, and synthesis of albumin as caleu- 
lated from the equations® are shown in Table III. Ay, the quantity of albumin 
in the urine per day, was determined immunologically at the beginning, middle, 
and end of the study, and these values were averaged. F,’, the fraction of the 
injected I'* activity appearing in the urine as I’ albumin, was obtained by 
subtracting the measured, cumulative nonprotein I'* activity from the total 
urinary I'*' activity recovered as fractions of the administered dose. It is 
necessary to calculate cumulative recoveries since the daily clearance of non- 
protein I'* iodide may be delayed with rapid degradation of I'*'-labeled albu- 
min, especially in the presence of renal disease. 


TABLE IIT. 


RATES OF URINARY Loss, CATABOLISM, AND SYNTHESIS OF ALBUMIN* 


| URINARY LOSS (Ay) SYNTHESIS (Ag) | CATABOLISM 
PATIENT (GM. PER DAY) | Fy’ (GM. PER DAY) (GM. PER DAY) 
Group A, Latent Nephrosis 
4.1 0,27 15.2 11.1 
3. J. ©. 7.1 0.40 17.8 10.7 
3. H. G. 4.55 0.23 19.7 15.3 


Group LB. Overt Nephrosis 


2. & 13.5 0.48 28.1 14.6 
5.8 0.66 8.9 3.1 
3. M. K. 5.5 


and Ac 


Aw 
F,’ 


The absolute amounts of albumin synthesized, catabolized, or lost in the 
urine daily as shown in Table III are variable and not well correlated with the 
clinical state of the patient. In order to compare these various rates of albu- 
min metabolism among the patients one must take into account the marked 
differences in the total amount of albumin in the body. To determine the 
fractional rates of catabolism and urinary loss, that is, the fractions of the 
albumin in the body catabolized and lost in the urine daily, requires an estimate 
of the size of the total body pool of albumin. The total pool of albumin has 
been estimated using the expression: 


total albumin pool = ———— — 


the relationship in nonedematous individuals. The plasma pool is the plasma 
volume obtained by isotope dilution multiplied by the plasma albumin coneen- 
tration. The fractional rate of catabolism or urinary loss is the absolute rate 
of catabolism or urinary loss divided by the estimated total albumin pool. 
These data are shown in Table IV. 


rom Table IV it is apparent that in only one patient, I. S., is there a 
marked increase in the fractional rate of catabolism of albumin. In the other 
patients, both with latent and overt nephrosis, the fractional rates of eatabo- 
lism are within normal limits. 

In the other edematous nephrotic patients, H. L., and M. K., the increased 
fractional rate of urinary loss appears to account for their severe albumin 
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deficiency. However, from Table IV it would appear that the absolute rates 
of synthesis of albumin, 8.9 and 12.1 Gm. per day for Patients H. L. and M. K., 
respectively, are far below the value of 28.1 Gm. per day for Patient F. S. with 
a comparable degree of albumin deficiency. In Patients H. L. and M. K., there- 
fore, impaired albumin synthesis may be a contributing factor to their albumin 
deficiency. 


TaBLE IV. EstiMatep ToTaL ALBUMIN PooL AND FRACTIONAL Rates OF CATABOLISM AND 
Urinary Loss oF ALBUMIN 

“PLASMA | FRACTIONAL RATE | FRACTIONAL RATE _ 
PLASMA | ALBUMIN PLASMA TOTAL OF CATABOLISM OF URINARY LOSS 
VOLUME (GM./ POOL POOL (FRACTION PER (FRACTION PER 

_PATIENT (LITERS) | 100 ML.) (GM. ) (GM. ) DAY) DAY) 

Group A, Latent Nephrosis 

2.32 3.63 85.1 189 0.059 0.022 

2. J. C. 3.01 3.32 100 222 0.048 0.032 

3.. 'G. 2.95 3.40 100 222 0.069 0.020 


Group B. Overt Nephrosis 


91.5 0.160 0.148 
72.4 9.043 0.081 
98.1 0.056 0.067 


Normal 267 0.04 to 0.07 : 0.0004 


These data indicate that the adult patients with latent nephrosis do not 
have a metabolic abnormality of albumin metabolism in that the fractional rate 
of catabolism is normal and the amount of albumin synthesized daily is suffi- 
cient to compensate for the urinary loss with little, if any, reduetion in the 
total pool of albumin. In contrast, one of the patients with recent overt ne- 
phrosis and mild edema during the study has a markedly inereased fractional 
rate of catabolism contributing as much to the inereased albumin turnover and 
albumin deficiency as the massive urinary loss. In the other two patients with 
overt nephrosis, the fractional rate of catabolism is normal and urinary loss is 
considerable; albumin synthesis in these patients appears insufficient to overeome 
the urinary loss, resulting in a marked reduction in the total body pool of 
albumin. 


DISCUSSION 


Since this study involves assumptions concerning the validity of I'*'-labeled 


albumin as a tracer for endogenous albumin, some data bearing on this prob- 


lem will be reviewed. Turnover studies in human beings have been reported*'” 
using albumin labeled with I'', C™, and S*, and the rates of degradation of 
albumin have not always agreed by these methods. The S*® and C'* labels 
introduce the problem of reincorporation of the degraded activity whereas I'"' 
degraded from albumin appears entirely as nonprotein iodide in the urine 
when thyroid uptake is blocked. A crucial factor in determining the turnover 
of I'**-labeled albumin is the degree of iodination. Excessive iodination, above 
a few atoms of iodine per molecule of albumin, leads to a more rapid degra- 
dation.’ Denaturation resulting in an increased rate of degradation may oecur 
from self-radiation.** 


2.84 1.45 41.2 
2. H. 2.98 1.09 32.5 
3. M. K. 2.21 2.00 44.2 
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Despite these problems, if the same or similar preparations of I'*'-labeled 
albumin as were used were catabolized somewhat faster than endogenous 
albumin, there still would be a fixed relation between I'*'-labeled and endoge- 
nous albumin metabolism. The differences found among the patients in this 
study would remain real, although the quantitative estimates of the various 
rates of metabolism might be in error. 

The patients were assumed to be in a steady state as regards albumin 
metabolism so that the rate of albumin synthesis would remain equal to the 
rate of catabolism plus urinary loss throughout the study period. The criteria 
upon which this assumption is based were the negligible (less than 10 per cent) 
changes in serum albumin concentrations, urinary albumin, and body weight 
and an unchanged clinical status during the study. 

Trapping of I'*'-labeled albumin may lead to a higher specifie activity of 
albumin in edema fluid compared to plasma. The extrapolated value for the 
ratio of plasma albumin to total exchangeable albumin from the plasma die- 
away curve would be too low under these circumstances. For the caleulation 
of fractional rates in the patients with overt nephrosis the value of 0.45 as the 
ratio of plasma albumin to total albumin found in normal individuals was used 
instead of the observed lower values of 0.30 to 0.38. Even if the lowest value 
of 0.30 were used for Patient Ff. S., his total albumin pool would be increased 
from 91.5 to 137 Gm. and the fractional rate of catabolism would drop from 
0.16 to O11. This would still represent a markedly accelerated fractional rate 
of catabolism compared to the normal range of 0.04 to 0.07, 

The problem of unequal specific activities in edematous patients receiving 
I'"'-labeled albumin has been reviewed by Kushner and associates'* who found 
a threefold higher specifie activity of edema fluid albumin compared to plasma 
in a patient with nutritional anasarea. Equal specific activities were found in 
2 other edematous patients, 1 with nephrosis. In the one patient whose edema 
fluid was sampled in this study (Patient M. K.), the specifie activity of the 
edema fluid albumin was twice that of the plasma after 5 days. One of the 
factors that may account for the discrepancy in specific activities among 
investigators is the method used for the determination of albumin when pres- 
ent in small quantities. Hypoproteinemic edema fluid of the type seen in 
nephrosis may have albumin concentrations as low as 10 mg. per cent. This 
amount ean be accurately determined by the immunologie method using rabbit 
antiserum but coneentration techniques and electrophoresis may lead to an 
overestimation of the albumin content and hence a lower specific activity. 

In contrast to the findings in a study of children with the nephrotic syn- 
drome,’ in whom excessive catabolism was uniformly found with severe albu- 
min depletion and anasarea, only 1 of the 3 adult nephrotie patients with fairly 
severe hypoalbuminemia had an excessive fractional rate of catabolism. How- 
ever, these adult patients showed neither as much edema nor as severe albumin 
deficiency as the children classified as severe cases with marked anasarea and 
serum albumin levels of 0.5 Gm. per 100 ml. or less, in whom catabolism and 
urinary loss of albumin were both excessive. The adults with overt nephrosis 
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in this study are more comparable clinically to the children (in Group ID) 
with moderate albumin depletion and some edema, in whom excessive catabolism 
was not uniformly observed. It is interesting that the adult patient in this 
study with the increased fractional rate of catabolism of albumin was much 
younger than the other 2 overtly nephrotic patients with normal fractional 
‘ates of catabolism. In the study of children with nephrosis, albumin syn- 
thesis was always in the high normal range; in contrast, among these adults 
impaired synthesis of albumin may have been present in the 2 oldest with 
overt nephrosis. In these patients, H. L. and M. K. (66 and 50 years old, 
respectively), the usual liver function tests were normal. M. K. received Meti- 
corten during the study; however, it is unlikely that steroid therapy signifi- 
cantly influenced the results, since the patient showed no clinical change and 
levels of albumin in the serum and urine were the same before, during, and 
after steroid therapy. 

In an earlier study of I'*'-labeled albumin in nephrotie adults, Blahd and 
co-workers" interpreted the results as indicating no abnormality of catabolism. 
Their methods and calculations were not comparable to the present study, and 
it is not clear how rates of albumin synthesis and catabolism could be deter- 
mined from a metabolic nitrogen balanee and plasma I'"' albumin die-away 
plots alone. 

The mechanism of excessive catabolism of albumin in the nephrotic syn- 
drome, when present, is not known. Abnormal catabolism is independent of 
the total amount of albumin in the body, since the fraction of the albumin pool 
catabolized by Patients M. K. and H. L. was normal; yet, for Patient F. S. 
with a comparable total pool the fraction catabolized was far above normal. 
The kidney has been implicated as a possible site of the normal degradation 
of proteins.'” The role of the kidney in the excessive catabolism of albumin 


found in some nephrotie patients has not vet been established. 


SUMMARY 


1. I'*-labeled albumin turnover studies were carried out in 3 adult patients 
with latent nephrosis and 3 with overt nephrosis. One of the 6 adults, a 30-year- 
old man with hypoalbuminemia and mild edema, showed a striking inerease in 
the fractional rate of catabolism of albumin which contributed as much to the de- 
pletion of the body pool of albumin as did the massive urinary loss. In this 
patient the rate of albumin synthesis was increased. 

2. Some impairment of albumin synthesis may have been a contributing 
factor to the albumin deficiency in the 2 other eases of overt nephrosis in 
whom the rate of catabolism of albumin was normal. These 2 patients were 
50 and 66 years old, respectively. 


3. Rates of albumin catabolism and synthesis were normal in the 3 patients 
with latent nephrosis. 


L wish to thank Dr. Harry Derow and Dr, David Oppenheim of the Beth Israel Hospital, 
Boston, Mass., for permission to study Patients H, L. and F.8., and Dr. A. Stone Freedberg 
and Dr, Charles A. Janeway for their critical review of the manuscript. [ am most grateful 
also to Dr, David Gitlin for his continued suggestions and encouragement. 
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CHANGES IN BODY COMPOSITION DURING THE COURSE OF 
ACUTE ANTERIOR POLIOMYELITIS 
ALEXANDER P, ReMENCHIK, M.D., JosepHINE M. Dyniecwicz, Pu.C., aNp 
JAMES A, SCHOENBERGER, M.D. 
Cnicaco, ILL. 


HE important role potassium plays in various physiologic processes has 

been documented in several recent reviews'®; however, relatively few 
studies of potassium metabolism during the course of acute anterior poliomyeli- 
tis had been reported prior to the initiation of our investigation, and the con- 
clusions drawn from the observed data were contradictory. Earle’ found no 
correlation between serum potassium and severity of paralysis, and the ad- 
ministration of potassium chloride to his paralyzed patients did not appear 
to improve muscle function. In contrast, Lans and associates* reported that 
the administration of potassium chloride to 3 patients suffering from bulbar 
poliomyelitis with hypokalemia produced marked improvement in their elin- 
ical condition. Bower and his colleagues® '° measured serum potassium con- 
centration and the exeretion of potassium in the urine during the course of 
acute anterior poliomyelitis. They found the exeretion of potassium in the 
urine to be consistently increased, while the serum potassium was elevated if 
the patients were ‘‘dehydrated’’ and/or oliguric, and normal or decreased if 
the patients ‘‘were adequately hydrated.’’ They coneluded an intracellular 
deficit of potassium developed during the course of acute anterior poliomyelitis 
and this deficit was indicated by the presence of hypokalemia, provided the 
patient was adequately hydrated and was not oliguriec. In view of these con- 
flicting conclusions we elected to study serially the intracellular potassium 
content, as defined by isotopic dilution techniques," of patients suffering from 
acute anterior poliomyelitis. 


METHODS 


Subjects.—The 45 subjects described in this report were selected from the group of 
patients hospitalized in the Municipal Contagious Disease Hospital (MCDIT) during the 1956 
poliomyelitis epidemie in Chicago, This patient population comprised approximately 75 per 
cent of the individuals who had a diagnosis of acute anterior poliomyelitis reported to the 
city health authorities during the epidemic, Tables IT and II include pertinent clinical data, 
Age was recorded to the nearest birthday. Onset of illness was measured from the date of the 
initial symptom recorded in the chart by the examining physician at MCDH. Beeause evalua 
tion of muscle strength is difficult during the acute illness, the Lovett method for evaluating 


paralysis was simplified for the purposes of this study in the following manner: 3% plus, at 
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most, complete range of motion with gravity eliminated; 2 plus, complete range of motion 
against gravity with minimal resistance; plus, complete range of motion against gravity with 
moderate resistance; minus, complete range of motion against gravity with full resistance. 
Severity of illness was arbitrarily evaluated by giving one plus point for each of the fol 
lowing factors: a day of fever, paralysis in each extremity for each extremity, paralysis of 
the trunk, paralysis of cranial nerves, catheterization of the bladder, tracheotomy, nasopharyn- 
geal suction, and each complication, Methods of treatment have been previously described.!2 
It was not possible to evaluate fluid or electrolyte balance during the course of the disease; 
however, in acutely ill patients the daily water and electrolyte intake was limited to 500 
ml, of 5 per cent dextrose in water, 100 ml, of isotonic sodium chloride, and 3.0 Gm. of 
potassium chloride, Sodium and potassium salts were not administered during the days of 
the study. Patients not in respirators were weighed nude on a cart scale to an accuracy 
of t0.1 Kg. It was not possible to perform serial measurements on all of the patients ad- 
mitted to the study because the patients who did not develop complications were discharged 
after the acute phase of their illness passed. The study was limited to adults and large 
adolescents for the following reasons: (1) older patients are more likely to develop severe 
illness and, therefore, would be more apt to show changes in intracellular potassium con 
tent, if any occur, and (2) the need for generous amounts of blood for analysis. All of 
the patients studied serially were critically ill and the majority of them required continu- 
ous care in a tank respirator. None of the subjects were pregnant. 


Procedure,Studies were initiated twice a week, usually on Monday and Wednesday. 
Patients were incorporated into the investigation shortly after their admission to the hospital. 
Serial studies, when performed, were done at 7- to 10-day intervals. Approximately 200 ye 
of K#? as potassium carbonate” was injected in a potassium and sodium chloride solution, in 
& quantitative manner previously described!3 between 9:30 and 10:30 A.M. of the first day. 
All urine subsequently voided was colleeted and the collection period closed just prior to the 
quantitative injection of radiosulfatet and antipyrinet between 7:30 and 8:30 A.M. of the 
following day. Urine was quantitatively colleeted 144, 3, 444, and 6 hours after the injection 
of radiosulfate and antipyrine for the determination of total exchangeable potassium and 
radiosulfate space. Blood samples were obtained 3, 4, 5, and 6 hours after injection of 
radiosulfate and antipyrine for the determination of radiosulfate and antipyrine spaces. The 
methods for determination of radiosulfate space and antipyrine space have been reported.14 
In an appreciable number of patients, extrapolation of the radiosulfate counts excreted in the 
urine to zero time gave a number larger than the actual counts injected. When this occurred 
actual counts injected were used to compute the radiosulfate space. Serum and urine samples 
were frozen and stored until analyses of antipyrine and assay of sulfate radioactivity were 


to be done, 


Total exchangeable potassium was computed by the following formula: 


: counts K42 injected — counts K42 exereted in urine 
specifie activity of urine sample 

Radioactivity of K4? was assayed in duplicate in a well-type scintillation counter to a 
counting error less than | per cent. Radiosulfate activity was not detected by the sein 
tillation counter, Quadruplicate assay of standards of K42 and of radiosulfate was done 
in all eases, Standards were prepared by diluting the same volume (5 ml.) injeeted into 
patients to produce a counting rate approximating that observed in the urine of the sub- 
jects. Potassium was measured by a flame photometer, The mean K, was determined by 
averaging the K, obtained from the 4 urine samples. The coefficient of variation for the 69 


determinations of total exchangeable potassium was C 1.86 * 1.53 per cent. The coefficient 


*Prepared by irradiation in the reactor at the Argonne National Laboratories, Lemont, 
Ill, on allocation from the AKC. 


fObtained from Abbott Laboratories, North Chicago, Ill, by license from the AEC. 
tGenerously supplied by Dr. B. L. Martz, Eli Lilly & Company, Indianapolis, Ind. 
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of variation of the 242 duplicate chemical determinations of antipyrine was C 0.473 + 0.518 
per cent. In 16 samples, sufficient serum was not available for duplicate analysis for antipy 
rine. The following symbols and abbreviations have been employed: 
(K), Serum potassium concentration 
Total exchangeable potassium 
TBW Total body water (antipyrine space) 
ECF Extracellular fluid volume (radiosulfate space) 
ICF Intracellular fluid volume = TBW — ECF 
LBM = Lean body mass = TBW/0.73 
B, Wt. = Body weight 
Kise = Potassium content of lean body mass K,/LBM 
ECFK = Extracellular content of potassium ECF x (K), 
ICFK — Intracellular content of potassium K, — ECFK 
Kicr Intracellular water concentration of potassium ICFK/ICF 
K,/B. Wt. Total exchangeable potassium per kilogram of body weight 
a Mean (bar over variable denotes mean ) 
Standard deviation using N-1 
Male 
Female 
M, — Initial studies of all males 
F, Initial studies of all females 
Fy and My Serial studies where N denotes the number of the study 
Coefficient of variation 
r Coefficient of correlation 


t time 
RESULTS 

The measured and derived data for males are presented in Table I and 
for females in Table II. A summary of the means + 1 standard deviation of 
selected measured and derived variables is presented in Table IIT. 

Clinical Data.—There were no significant differences (P > 0.05) between 
the male and female patients with respect to age, the time after onset of the 
disease the studies were done, and the severity of illness. The differences in 
distribution by race within each sex were not significant by the ,* test 
(P > 0.05). 

Serum Potassium.—|K|, was within normal limits for all groups. There 
were no significant differences (P > 0.05) between |K |, of corresponding sub- 
groups of males and females. There were no significant differences (P > 0.05) 


between [KX], of each of the subgroups of males compared to each other or of 
each of the subgroups of females compared to each other. In addition there was 
no significant (P > 0.05) correlation between [K |, and Kyow or Kyra. 


Total Exchangeable Potassium.—Fig. 1 shows the regression of K, on LBM 
for all of the initial studies of the males and females, respectively. Statistical 
analysis of the slope of each line indicates there is a significant regression 
(P < 0.001) of K, on LBM. Statistical analysis of the intercept of each line 
indicates that the intercept does not significantly (P > 0.05) differ from zero. 
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K, decreased during the course of the illness; however, the decrease was not 
significant (P > 0.05). The line of regression of K, on LBM was derived for 
each serial study of males and females. Statistical analysis of each line in- 
dicated that there was a significant regression (P < 0.05) of K, on LBM for 
each line and the intercept of each line did not differ significantly from zero 
(P > 0.05). 


LBM Content of Potassium (Fig. 2).—The initial Kiem for all males was 
66.5 mEq./Kg. and for all females 53.4 mEq./Kg. The difference is significant 
(P < 0.001). The difference between males and females is significant for the 
initial serial studies (P < 0.025). The males showed a significant decrease in 
Kuss during the course of the illness as indicated in Table IV. A significant 
decrease (P < 0.05) in Kup» of females was present only between the initial 
study of all of the female patients and the third serial study of the female 
patients. When the subjects were classified by race the pattern was the same; 
however, the differences between males and females were significant only for 
the white subjects (P < 0.001). 


TABLE LV. PROBABILITY VALUES OBTAINED BY COMPARING a oF MALES AND 
OF Each SupGrouPr oF MALES 


SUBJECTS COMPARED 


~ 0.008 
M.-M, 0.005 
0.01 
M,~M,_ 0.05 


Intracellular Water Potassium Concentration.—The initial Kycp for all males 
was 145 mEq./L. and for all females 118 mEq./L. This difference is signifieant 
(P < 0.01). A signifieant difference (P < 0.05) was also demonstrated between 
the Kycy of males and of females in the first serial study. Other differences 
are not significant (P > 0.05). During the course of the illness Kier for males 
decreased; however, the decrease was not significant statistically (P > 0.05). 
There was little change in Kycy for females during the course of the illness. 


Exchangeable Potassium Per Kilogram of Body Weight.—The initial 
K./B. Wt. for males was 46.6 mEq./Kg. and for females 34.2 mEq./Kg. The 
difference is significant (P < 0.001). K,./B. Wt. could be computed for a few 
patients studied serially and decreased during the course of the illness. The 
difference between males and females in the repeat studies is significant 
(P < 0.05). 


Body Water.—Between the initial and second study TBW increased 9.1 per 
cent in males and decreased 4.4 per cent in females. This difference is significant 
(P < 0.05). By the third serial study TBW had decreased below the initial 
value in males and there was an additional decrease in the females. There is 
no significant difference in the distribution of water between the extracellular 
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Regression of total exchangeable potassium upon lean body mass. 
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Fig. 2 Lean body mass content of potassium. 
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and intracellular water compartments when the mean values for eorrespond- 
ing subgroups of males and females are compared (P > 0.05). During the 
course of the illness there is a change in the distribution of water, ECF is in- 
creased and ICF is decreased; this change is significant in males (P < 0.005) 
and females (P < 0.05). 


Single Serial Study (Fig. 3).—One of the male patients (postpubertal) 
studied serially had considerable recovery of muscle function and was able to 
leave the respirator. It is of interest to note that his clinical course was associ- 
ated with hypokalemia, decreased Kyow, and a decreased Kypy. All of these 
increased toward values found in clinically healthy subjects (see Discussion), 
with clinical improvement. The changes in body water distribution were char- 
acteristic of those observed for the group as a whole. K, decreased during the 
illness and increased with recovery. 


Day after onset JP, i3yrs, W, 
| 3? 


Ke mEq 


Ki py (meq/kg) 
Kicw (mFa/L) 


Fig. 3.—Changes in body composition obtained by serial study of Patient J. P 


DISCUSSION 
We have elected to employ the lean body mass model of Behnke!’ as modi- 
fied by Pace and his eo-workers'*-'* for reasons that will be evident later in the 


discussion. Keys and Brozek'® have two criticisms of the lean body mass 
model: (1) the inelusion of the indefinite concept of essential lipids into the 


model and (2) the belief that the composition of the lean body mass model is 
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not independent of the total fat content of the body. However, the concept 
of essential lipids does not affeet our use of the LBM model and their belief 
that body fat significantly affects the composition of the lean body mass is 
based on computational errors. They give correlation coefficients on page 282 
of reference 19, computed from the data of Pace and his colleagues'®'* which, 
they state, show a significant correlation between total body fat and _ per- 
centage of water in the fat-free body. Our own computations from these data 
give ry = 0.3082 and ry = 0.3575; these correlation coefficients are not sig- 
nificant. Sinee the intercept of each of the regression lines does not differ signifi- 
cantly from zero, we ean replace the line defined by the equation K, = b (LBM) 
+ constant, by the line K. = b (LBM), compute b for each group and 
compare the results. Evidence supporting this extrapolation of the regression 
lines will be eited later in the diseussion. Granting the previous assumptions, 
it is evident that we have demonstrated a significant difference in potassium 
metabolism between males and females during the course of acute anterior 
poliomyelitis. In females there is little change in Kyew and a significant 
(when F, is compared to F,) decrease in Kypy during the course of the illness. 
In males, Kyow and Kypy decrease during the course of the illness; however, the 
decrease is significant only for Kyyy. By the third serial study, Kup. and 
Kiew are not significantly different for males and females, The changes for Kyow 
are presumably not as clear-cut as for Kyny because of the larger experimental 
error introduced into the ealeulation of Kyew in accordance with the law of the 
propagation of errors. That these differences are not secondary to changes in 
(1) extracellular content or concentration of potassium is suggested by the lack 
of any significant correlation of ECFK or [K], with Kyew or Kun, or (2) 
water metabolism is suggested by the occurrence in males and females of iden- 
tical changes in the distribution of water despite the fact that TBW increased 
in males and decreased in females between the first and second serial studies, 
and the difference between the per cent change in TBW of males and females 
was significant. The validity of this interpretation of our data depends upon 
the validity of the proposition that there is no difference between males and 
females in the chemical composition of body tissue, at least with respect to 
potassium content. We have not been able to study clinically healthy sub- 
jects to evaluate this point. Other evidence to evaluate the proposition is 
meager but is available and is derived from the following sources: (1) analysis 
of whole adult cadavers, (2) analysis of tissue samples, (3) isotopie dilution 
studies, and (4) measurement of K* content of human beings. 


Analysis of Whole Adult Cadavers.—The reported data and their source 
are presented in Table V.2° 


If we diseard the 48-year-old man who was 
wasted and edematous and if, in addition, we assume that the fat-free body 
model and the lean body mass model are identical, we find nothing here to con- 
tradict our hypothesis. If the higher Kypy of the female analyzed does not 
represent a sampling error and the Kypyy of females is greater than the Kurs 
of males, then our hypothesis is further reinforeed by these data, since the 
changes we have found are in the opposite direction. 


oF 

7 

% 

, 7 


Volume 53 BODY COMPOSITION IN POLIOMYELITIS 207 


Number 2 


K (mEq./KG. ) 
REFERENCE SEX FAT-FREE BASIS 
Shohl: Mineral Metabolism, Adult 66.8 
1939, Reinhold Publishing (Patient 19, 
Corporation Table IIT) 
Adult 
(Patient 20, 
Table V) 


Widdowson and associates: 
Clin, Se. 10: 113, 1951 
48 


Forbes and Lewis: 46 
J. Clin. Invest. 6: } 60 
596, 1956 


Analysis of Body Tissue——A recent comprehensive review** of the water 
and electrolyte content of various body tissues does not consider possible sex 
differences in the chemical composition of tissues. A compilation of biologic 
data** does not subelassify the data, pertaining to chemical composition of body 
tissues, by sex. Investigators with extensive experience in the analysis of 
muscle?> and nervous tissue*® have never demonstrated any sex differences in 
the electrolyte content of these tissues. Other workers fail to designate the sex 
of control subjects in their published work*’** and combine males and females 
in the statistical analysis of data. When the sex is given, a significant dif- 
ference in the potassium content of liver®? and muscle***’ cannot be demon- 
strated. The situation is not quite so clear-cut for blood. Sex differences in 
serum electrolyte concentration have not been demonstrated.** While some 
workers have demonstrated a significantly higher red cell content of potas- 
sium in women,*® other investigators using better sampling techniques have not 
been able to confirm that a difference exists.*° In summary, most workers have 
assumed sex differences do not exist or have not been able to demonstrate any 
sex difference in the potassium content of liver, brain, skeletal muscle, and 
blood. 


Isotopic Dilution Studies.—Table VI summarizes isotopie dilution data 
published by other workers''*? for clinically healthy and hospital control adults. 


K,/B. Wt.: The wide spread of the data reported for adults for each sex 
may be due to one or all of the following factors: (1) sampling errors, (2) 
differences in experimental technique, or (3) true differences in body com- 
position or potassium metabolism of individuals from different geographical 
regions. Most authors attribute the difference between sexes to a difference in 
the content of body fat. 


Krew: The lean body mass model and the fat-free body model can be eon- 
sidered to be identical for the purposes of our discussion for the incorporation 
of the concept of essential lipids into the LBM model'® does not change 
the sense of our analysis. Except for the data of Ikkos,*°" the data of 
different investigators are in good agreement for Kypyy of men. The signifi- 
cantly lower Kyyy for women in these studies is surprising in view of the 


4 TABLE V. Bopy CONTENT OF POTASSIUM OBTAINED BY DirnECT ANALYSIS OF CADAVERS 
= 
71.1 
72.6 
33.5 
66.5 
66.6 : 
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fact that in our studies Kypyy was experimentally identical in males and fe- 
males by the third serial study. In the study of Muldowney and his co-work- 
ers? this difference could be due to the difference in age of the male and female 
subjects, for age variations in musele electrolyte composition have been de- 
seribed’ Corsa and co-workers! have stated K*? exchanges with 95 per 
cent of the body potassium. A limited number of measurements of K*? and 
kK” 

cent. If we apply this ratio to the available data for Kfzy for males we find, 
with the exception of the results of Ikkos,*’ the corrected K {4}, data to be in 
fairly good agreement with the results obtained from the direct analysis of 
cadavers. For females the data of Ikkos are of the right order of magnitude 
while Muldowney’s data are low. As mentioned previously we cannot explain 
these discrepancies at the present time. 


K*’ in the same subjeet by Rundo and Sagild** has indicated 85 per 


Experimental support for the extrapolation of the regression line toward 
the origin is available in Table VI. The data for infants indicate a Kypy some- 
what lower than that found for adults. However, this is probably due to the 
appreciably larger extracellular fluid volume found in infants.°* Correction 
of the Kyny data for infants for this enlarged ECF brings their values into the 
adult range. 

Kiew: The variation in Kyew for each sex can be accounted for in part by 
the use of substances, for the measurement of body fluid compartments, with 
noneongruent volumes of distribution. However, the sex difference in Ikkos’ 
data is signifieant (P< 0.05) and is as surprising as his Kypy data, for there 
was no significant (P > 0.05) difference in Kyew between our male and female 
subjects by the third serial study. 

K*’ Content of Humans.—A number of workers" have been interested 
in the K* content of humans. Bureh and Spiers®® have summarized much of 
the data: for males, 30 mEq./Kg. < K*’/B. Wt. < 55 mEq./Kg.; for females, 
30 mEq./Ke. < K*’/B. Wt. < 51 mEq./Kg. On the basis of fat-free weight 
the potassium content of the body appears to be independent of gross weight, 
age, and sex and is estimated to be 71.6 mEq./Kg. of fat-free weight.°* °' This 
value is probably the most reliable estimate of the fat-free body content of 
potassium, for the studies have been limited to clinically healthy individuals. 
In addition, it would indieate a ratio for 7s in the neighborhood of the 85 
per cent indicated by Rundo and Sagild,* and somewhat lower than the 95 per 
cent suggested by Corsa and associates." 

In conclusion, we would interpret the available evidence as indieating an 
identical body content and tissue concentration of potassium in elinieally 
healthy males and females. One may question the validity of an estimation of 
the composition of tissue of clinically healthy subjeets obtained by extrapolation 
from the data of our third serial study. However, in an experimental model 
similar in many respects to our elinieal situation, Eichelberger®? has shown that 


ty 
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in musele the intracellular concentration of potassium does not change and the 
extracellular fluid volume inereases after denervation. Unfortunately she did 
not study the dvnamies of the change. 

Our observation of an inerease in Kypy and Kyew in males can be used to 
explain the interesting results of Howard**** and Whedon and Shorr"® of 
potassium losses considerably less than the theoretical losses expected during 
balanee studies. Our failure to observe any significant correlation between 
and K*, or Kyew confirms the observations of others"*; however, 
we did not measure serum pH or pCO, as have others.°” ° Our failure to do 
so may have precluded the observation of any relationship between | K |, and 
pH, pCO,, K.**, Kips, or Kyew. Other studies of ours indicate a relationship 
between LBM and |K], and because of the linear relationship between K, and 
LBM suggest a relationship between and | 

The water metabolism of the patients studied serially is of interest. Rigid 
fluid and sodium restrietion was enforced for these patients despite the fact 
that they were acutely ill with high body temperatures, had continuous naso- 
pharyngeal suction, and were eneased in tank respirators—conditions which 
presumably contributed to the induction of maximal fluid losses. Clinical 
studies'* of patients during previous epidemics suggest that the presence 
of pulmonary edema at post mortem was associated with the conventional 
regimen of 3 L. of water and 8.5 Gm, of NaCl administered daily. The demon- 
stration of an actual increase in the TBW in the males and the smal] decrease 
in TBW in the females between the first and second studies despite the rigid 
fluid restriction provides experimental support for the previous clinical con- 
clusions. Unfortunately, the physieal conditions of the epidemie precluded 
clear-cut documentation of this point in terms of fluid balanee. However, the 
large quantities of water that can be produced by catabolism of body tissues 
has been documented in other conditions.'* “ The changes in water distribu- 
tion are identical to those that have been deseribed in undernutrition.*" “ This 
suggests that these changes in water distribution may be one facet of a general 
biologie response to stress. The use of the LBM model assumes that the ratio 

ick Wadler aula remains constant. It is evident that this was not so in our 
studies. The application of any correction factor to take this into account 
would accent the differences in Kypy and Kyew, in view of the facet that initially 
the TBW for males increased while the TBW for females decreased. 

There remains for discussion the biologic interpretation of our observations. 
Analysis of the epidemiologic and elinieal data indicates that young men are 
less susceptible to infection with poliomyelitis virus, have a higher incidence of 
complications and have a higher mortality than nonpregnant young women." 
The simplest assumption to account for these differences is to relate them to the 
different steroid hormones present in the internal environment of males and 


females. Support for this proposition as a first approximation is obtained from 


the work of Teodoru and Shwartzman, who have been able to modify the sus- 


ceptibility to infection with poliomyelitis virus of the Golden Syrian hamster 
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(normally a resistant animal) by suitable alteration of testicular and adreno- 
cortical function.”’** Certain of their experiments suggest that simultaneous 
administration of testosterone and cortisone to hamsters increases the paralytic 
incidence and mortality following intracerebral inoculation of MEF virus, when 
compared to control, cortisone-treated, testosterone-treated, and castrated ani- 
mals." °* The important role that changes in the physicochemical environment 
of the tissues of the host play in the modification of the host-parasite relation- 
ship has been recently reviewed and discussed by Dubos.** The importance 
of hormonal factors in this scheme is well illustrated by the enhanced suscepti- 
bility of women to infeetion with poliomyelitis virus produced by pregnancy.’* *° 

Studies are in progress to delineate further the changes in the internal 
environment that occur during the course of acute central nervous system in- 
fections. 


SUMMARY 


1. Total exchangeable potassium, antipyrine space, and radiosulfate space 
were simultaneously determined in 44 patients suffering from acute anterior 
poliomyelitis. In a seleeted number of patients the measurements were re- 
peated at 7- to 10-day intervals. 

2. A significant difference in potassium metabolism between males and 
females was demonstrated. In males the intracellular potassium concentration 
was inereased early in the illness, while in females it remained unchanged dur- 
ing the course of the illness. 

3. A significant difference in the metabolism of water between males and 
females was demonstrated. In males total body water increased early in the 
illness while in females it decreased during the course of the illness. The dis- 
tribution of water between intracellular and extracellular compartments was 
identical in males and females. During the course of the illness the extra- 
cellular fluid compartment expanded and the intracellular fluid compartment 
contracted. 

4. The biologie interpretation of these sex differences in potassium and 
water metabolism is discussed. 


We would like to express our thanks to Dr. Mark Lepper for calling to our attention 
the need for a study of potassium metabolism during the course of acute anterior polio- 
myelitis. We are particularly grateful to the nursing staff of the Municipal Contagious 
Disease Hospital for their unstinting cooperation during a trying period. The senior 
author would like to thank Mr, Pau! Gunther, statistical consultant to the Wright Air 
Development Command and to Caywood-Schiller Associates, for critical comments about 
the statistical notions involved in the analysis of the data. We would like to thank Drs. 
Josef Brozek, Mark Lepper, Robert Kark, 8. Howard Armstrong, Jr., and Harry Dowling 
for reviewing the manuscript. 
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THE EFFECT OF DIGITALIS AND DESOXYCORTICOSTERONE 
ACETATE ADMINISTRATION UPON INTRACELLULAR 
POTASSIUM ION CONCENTRATION 


A CHEMICAL AND MorRPHOLOGIC STUDY 


FRANKLIN A. Kyser, M.D., Henry Teton, M.D., anp 
Surron, M.D. 
EVANSTON, ILL. 


IE theory of Szent-Gyorgi' on muscle contraction has drawn attention to 

the importanee of potassium in intracellular physiology. Since the publiea- 
tion of his work, it has become increasingly evident that the actions of digitalis 
are intimately associated with the intracellular concentration of the potassium 
ion.” 

It has been well documented that toxie doses of digitalis are capable of 
producing myocardial lesions in experimental animals.**° Numerous investi- 
gators have indieated also that potassium deficiency results in similar morpho- 
logic changes both in animals and in man.** As a corollary to these studies it 
has been shown that potassium depletion in animals inereases cardiac sensitivity 
to digitalis.°"' Robinson and associates’? have recently stated that in potassium- 
deficient rats toxie doses of digitalis did not accentuate the development of 
myocardial lesions. These authors felt that digitalis neither added to nor pro- 
teeted from the effeet of potassium deficiency in their animals. 

In this study large doses of digitoxin alone and in combination with 
desoxyecorticosterone acetate (DOCA) were administered to dogs. The results 
of a chemical and morphologie study of the myocardium of these animals form 
the basis for the present report. 


METHODS 


Mongrel dogs were used throughout the study. A standard laboratory diet was given, 
and water was allowed as desired. All drugs were administered by intramuscular injection 
daily except on Saturday and Sunday. The animals receiving digitoxin lost weight, became 
anorexic, and appeared toxic at the end of the experimental period. 

The animals were divided into 4 groups. 


Group |. Controls: Four dogs considered to be in good health. 


Group If. DOCA Alone: Four dogs, 2 of which received 15 mg. of DOCA daily for 


a total dose of 150 mg. in 13 days and 2 dogs received a total dose of 225 mg. in 
20 days. 


Group III, Digitoxin Alone: Two dogs received 0.4 mg. daily for a total dose of 


6 mg. in 20 days and 3 animals received 0.6 mg. daily for a total dose of 9 mg. in 
20 days. 
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Group IV. DOCA Plus Digitoxin: Five animals received 0.6 mg. digitoxin daily 
plus 15 mg. of DOCA daily for a total dose of 9 mg. of digitoxin and 225 mg. of 
DOCA in 18 to 21 days, respectively. 


All animals were killed by ether anesthesia. Blood was removed immediately from the 
left ventricle by means of syringe and needle for estimations of serum sodium potassium and 
chloride. The hearts were then removed for the following pathologic and chemical studies. 

Tissue blocks were taken from the anterior, lateral, and posterior ventricular walls, 
right ventricle, and interventricular septum. A minimum of 6 tissue blocks were selected 
from each heart. Tissues were fixed in 10 per cent formalin. Microscopic sections were 
cut at 6 micra and stained with hematoxylin and eosin and by the Hotchkiss-MceManus 
periodic acid-Schiff stain. 

Chemical analysis was performed on portions of the left ventricular myocardium in 
each case. Tissue specimens varied in weight between 0.5 to 1.0 Gm. One tissue specimen 
was dried in an oven at 110° C. to constant weight to determine dry weight. The dried 
tissue was then extracted with ether to determine fat content, fat-free wet muscle weight 
and fat-free dry muscle weight. In each ease 5 additional muscle specimens were taken for 
chemical analysis. The values for each dog represent the mean of these 5 analyses. After 
weighing, each muscle specimen was homogenized in 50 ml. of distilled water using a Waring 
blender with microcell. After homogenization, the mixture was centrifuged at 3,000 r.p.m. 
for 10 minutes to produce a slightly opalescent flesh-colored fluid. Complete disintegration 
of muscle fibers was determined by microscopic examination of the homogenate. Chlorides 
were determined on a 20 ml. aliquot using the method of Whitehorn.1s Sodium was deter- 
mined on undiluted samples and potassium on a 1:25 dilution of the sample by means of 
flame photometry. A Beckman Model B spectrophotometer with flame attachments was used 
exclusively. 

Extracellular water was determined from tissue chlorides and serum chloride according 
to standard methods and formulas.14 The following symbols are used in the tables: 


H,O,, = grams of muscle water per kilogram of wet fat-free muscle. 

Cl, = mEq. of chloride per kilogram of wet fat-free muscle. 

H,0, = extracellular phase in gram of water per kilogram of wet fat-free muscle. 
1,0, = intracellular phase in grams of water per kilogram of wet fat-free muscle. 
Na, = mEq. of Na per kilogram of wet fat-free muscle. 

K, = mEq. of K per kilogram of wet fat-free muscle. 

Na.w mq. of Na per kilogram of intracellular water. 

K.y = mEq. of K per kilogram of intracellular water. 

Na, = serum Na in mEq. per liter of serum, 

K, = serum K in mEq. per liter of serum. 

Cl, = serum Cl in mEq. per liter of serum. 


RESULTS 


A. Tissue Analysis Data.—The noteworthy findings of Table IT are the 
following: 


(1) In Groups II (DOCA alone), IIT (digitoxin alone), and IV (DOCA 
plus digitoxin), H,O, is increased and H.O, is decreased. In these same groups 
K,; is decreased and K, is inereased. (2) In Groups III (digitoxin alone) and 
IV (DOCA plus digitoxin), K.. is increased despite the decrease in K,. 

These data indicate that both DOCA and digitoxin produced a decrease 
in intracellular water and an inerease in extracellular water in the myocardium. 
It is interesting to note that during the course of this study the serum potas- 
sium concentration rose. It should be emphasized that due to the decrease of 
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intracellular water the actual ionie concentration of intracellular potassium, 
Kw, inereased in the animals receiving digitoxin alone as well as in those 
receiving digitoxin plus DOCA. 


TABLE I. SUMMARY OF THE MEAN RESULTS OF THE CHEMICAL STUDIES FOR ALL Four Groups 


GROUP IV. 


GROUP I GROUP II GROUP III DOCA PLUS 

CONTROL DOCA ALONE | DIGITOXIN ALONE DIGITOXIN 
NO. DOG| 4 VARIATION | 4 | VARIATION 5 VARIATION 5 | VARIATION 
H,O,, 749 740-755 724 705-735 | 743 722-774 747 730-761 
Lo; | 19.5 18.2-20.3 21.7 19.7-23.8 25.9 24.6-27.3 32.3 25.5-37.3 
H,O, | 152 146-157 168 153-179 199 184-209 240 188-278 
H,0, | 597 583-609 556 552-558 554 527-570 507 463-548 
Na, 7.6 4.7-11.1 10.3 9.0-12.8 8.1 6.4-12.3 9.0 4.9-10.7 
K, 81.3 76.1-83.6 75.3 72.5-78.1 78.0 72.1-82.5 71.7 61.5-79.5 
Na, 148 146-151 | 154 150-158 156 148-164 158 151-164 
K, 5.6 4.8-6.0 7.6 5.8-10.0 7.4 5.9-8.9 7.2 5.8-8.7 
Cl, 112 109-113 | 113 110-116 114 112-117 117 112-119 
Nay 12.6 8.1-18.1 | 18.5 16.0-23.0 14.9 10.0-23.0 17.7 9.8-20.3 
on 136.6 125-143 | 136.0 130-143 143.5 134-153 | 141.0 125-169 


B. Morphologic Data.—Microseopie examination of tissue from all animals 
revealed no characteristic changes. Several sections from each animal showed 
patchy areas of lymphoceytie infiltrations, interstitial fibrosis and some minimal 
areas of cellular necrosis. These findings appeared oceasionally in the control 
animals as in the other groups. The administration of DOCA and excessive 
doses of digitoxin and the chemical aberrations produced by these substances 
did not cause any significant degree of abnormal morphologic change. 
DISCUSSION 

From the results of this study it is apparent that DOCA alone and the 
combination of DOCA and toxie doses of digitoxin are capable of lowering 
intracellular potassium content. Digitoxin alone did cause a fall in intra- 
cellular potassium, but not to a marked degree. In contrast to our findings, 
Gardner’® and his associates found in the rat that the combination of DOCA 
and strophanthin G@ did not lower intracellular potassium to as low a level as 
when either agent was used alone. These authors coneluded that a metabolic 
antagonism exists between digitalis and potassium. This may be explained 
by the observation of Robinson’? that the rat is resistant to the effeets of 
digitalis. Zeeman and associates,’® on the other hand, found that potassium- 
depleted dogs exhibited a marked sensitivity to lanatoside C, but were unable 
to demonstrate a definite deerease in eardiae musele potassium content. 

Most important in the present study is the fact that although intracellular 
potassium levels diminished, intracellular water content also diminished. This 
resulted in an actual inerease in potassium ion concentration per unit of intra- 
cellular water in the dogs that reeeived digitoxin alone and those that received 
digitoxin plus DOCA. Lown?® has stated, ‘‘There is general agreement that 
toxic doses of digitalis liberate potassium from both skeletal and heart muscle.’’ 
In our study, excessive doses of digitoxin did produce some decrease in total 
cardiae muscle potassium, but of greater significance was the actual increase 
in intracellular potassium ion concentration. 
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If it is ever permissible to correlate experimental data with clinical ex- 
perience, the results of this study would imply that the effectiveness of potassium 
administration to patients suffering from digitalis intoxication may not be 


dependent upon the inerease in the intracellular concentration of the potassium 
ion. 


The lack of clear-cut morphologic changes in the myocardium following 
DOCA and digitoxin administration may be explained by the rather short dura- 
tion of the experiment, and by the absence of protein depletion or the lack of 
an excessive sodium intake. These factors may be necessary concomitants for 
the production of potassium deficiency lesions in the dog. 


SUMMARY 

A study is presented in which groups of dogs were given injections of 
large doses of DOCA and digitoxin. Chemical analysis of the heart muscle 
of these animals revealed that DOCA alone, digitoxin alone, and a combination 
of these agents produced a drop in total muscle potassium. However, due to 
the deerease in intracellular water content, actual intracellular potassium ion 
concentration was inereased in the animals receiving digitoxin alone and those 
receiving digitoxin plus DOCA. 

The animal hearts were studied for morphologic lesions similar to those re- 
ported elsewhere, but no difference was found in the drug-treated animals from 
a group of normal controls. 
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THE ABSORPTION OF VITAMIN B,, LABELED WITH RADIOACTIVE 
COBALT” FOLLOWING SUBTOTAL GASTRECTOMY 


(. Broping, M.D., B. I. Frmpman, M.D., E. L. Saencer, M.D., AND 
J. J. Wiz, M.D. 
CINCINNATI, OHIO 


EGALOBLASTIC anemia is an uncommon complication of a subtotal 
gastrectomy,’ ? although there have been reports of such an occurrence.**® 
Recent reports indicate that impaired absorption of vitamin B,. occurs follow- 
ing subtotal gastrectomy, but is uncommon.® *?? We have performed a similar 
study of the absorption of Co*°-labeled vitamin B,, in a large group of patients 
who had had subtotal gastreectomies. In patients with impaired absorption 
of vitamin B,., the effect of gastric stimulation with a secretagogue and the 
effect of the administration of an intrinsic factor preparation have been studied. 
In addition, we have investigated the role of the type of anastomosis involved 
in the production of the absorptive defect. 


METHODS AND MATERIALS 


The absorption of Co®0-labeled vitamin B,, was measured by means of a modification 
of the Schilling test,18 the results being expressed as the per cent of the radioactivity of 
the oral dose (1 yg vitamin B,, labeled with 0.7 to 1.0 we Co%) excreted in the urine in 24 
hours. In 16 normal subjects and in 17 patients with pernicious anemia the range of 
values for the 24-hour urinary excretion of radioactivity was found to be 6.5 to 22.3 per 
cent and 0.0 to 1.3 per cent, respectively. Ten patients with pernicious anemia had the 
Schilling test repeated with administration of intrinsic factor concentrate at the time of 


the oral dose of Co®-labeled vitamin B,, and the range of values was found to be 4.0 
to 19.7 per cent. 


The absorption of vitamin B,, was measured in 34 patients who had undergone 
conventional subtotal gastrectomy from 1 to 70 months earlier. Fifteen patients had 
subtotal gastric resections with gastroduodenostomies, and 19 patients had subtotal gastric 
resections with gastrojejunostomies. Vagotomies had been performed in 2 patients in the 
former group and 4 patients in the latter. In both groups of patients, 60 to 80 per cent 
of the distal portion of the stomach had been resected, leaving a portion of the fundus 
in every case. Surgery was performed for peptic ulcer in 30 instances and for carcinoma 
in 4. Anemia was not present in any of the patients. 


Four patients with subtotal gastrectomies were found to have an abnormally low 
urinary exeretion of Co®°-labeled vitamin B,, comparable to values found in cases of 
pernicious anemia. Additional studies were performed on these patients as follows: 
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(1) a Schilling test with concomitant administration of 50 mg. of intrinsic factor con- 
centrate; (2) a Schilling test 90 minutes after gastric stimulation with 50 mg. of Histalog 
(3-beta-aminoethyl pyrazole) administered subcutaneously14; (3) blood urea nitrogen 
and blood creatinine determinations; (4) plasma prothrombin and serum carotene levels. The 


latter procedures were performed to eliminate renal disease and small bowel malabsorption 
syndromes. 


RESULTS 


The results are presented in Tables I and II. The range of urinary ex- 
cretion of Co*-labeled vitamin B,. was 7.5 to 36.4 per cent in the group of 15 
patients with subtotal gastric resection with gastroduodenostomy. Three pa- 
tients had associated vagotomies. 

The range of urinary excretion of Co®-labeled vitamin B,. was 0.7 to 31.3 
per cent in the group of 19 patients with subtotal gastrie resection and 
gastrojejunostomy. Four of the patients in this group excreted less than 4.7 
per cent of the administered radioactivity. In all 4 patients the urinary ex- 
cretion of radioactivity increased to within the normal range when the Schilling 
test was repeated with 50 mg. of intrinsic factor concentrate. In 2 of these 4 
patients urinary excretion of vitamin B,.Co® increased after Histalog admin- 
istration, one rising to 6.4 per cent. Blood urea nitrogen, blood creatinine, 
plasma prothrombin concentration, and serum earotene determinations were 
normal in these patients. 


DISCUSSION 


Impaired absorption of vitamin B,., as measured by the Schilling test of 


urinary excretion, was found in 11 per cent of a group of 34 patients who had 
had subtotal gastric resections. The patients who had impaired absorption of 
vitamin B,. were not anemic probably because they were studied too soon after 
gastrectomy to have depleted their body stores of vitamin B,.. Megaloblastie 
anemia is uncommon following subtotal gastrie resection. MacLean in sereen- 


ing over 1,500 patients with subtotal gastreetomies found only 9 patients with 
megaloblastie anemia.°® 


The 4 patients with impaired absorption of vitamin B,, had had subtotal 
gastrie resections with gastrojejunostomies. None of the 15 patients, who had 
subtotal gastric resections with gastroduodenostomies had impaired absorption 
of vitamin B,.. Twenty-five cases of megaloblastie anemia following subtotal 
gastric resection or gastrojejunostomy have been reported in the medical lit- 
erature with details of the type of surgical anastomosis.**® In all but one of 
these cases, the subtotal gastrie resection has been associated with a gastro- 
jejunostomy. In the one ease associated with gastroduodenostomy, a high 
Billroth I resection was aecomplished.® The 3 patients reported by Lowenstein" 
whose absorption of vitamin B,. was impaired after subtotal gastrie resection 
also had had gastrojejunostomies. 

These observations indicate that impaired absorption of vitamin B,, after 
subtotal gastrie resection oceurs predominately in patients who have had the 
stomach remnant anastomosed to the jejunum. Since the defect in absorption 
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DIAGNOSIS 
Gastrie uleer 


Duodenal and 
gastric uleer 
Duodenal uleer 


Carcinoma of 
stomach 


Duodenal ulcer 


Duodenal ulcer 
Duodenal ulcer 


Duodenal ulcer 


Carcinoma of 
stomach 


Gastric ulcer 
Gastric ulcer 


Gastrie uleer 
Gastritis, no 
uleer 

Duodenal ulcer 
Duodenal uleer 
Pylorie ulcer 
Chronie gastritis 
Duodenal ulcer 


Duodenal uleer 
Gastrie and du- 

odenal ulcer 
Duodenal ulcer 


Gastrie and du- 
odenal uleer 


Gastric uleer 


Duodenal uleer 
Duodenal uleer 
Duodenal uleer 


Carcinoma of 
stomach 


Duodenal ulcer 
Duodenal ulcer 
Duodenal uleer 


MONTHS 
AFTER 
OPERA- 
TION 


60 
70 


TABLE I 


TYPE OF 
PROCEDURE 
Gastroduodenostomy 


Gastroduodenostomy 


Gastroduodenostomy 
and vagotomy 


Gastroduodenostomy 


Gastroduodenostomy 


Gastroduodenostomy 
Gastroduodenostomy 


Gastroduodenostomy 
Gastroduodenostomy 


Gastroduodenostomy 
Gastroduodenostomy 


Gastroduodenostomy 
Gastroduodenostomy 
and vagotomy 
Gastroduodenostomy 
Gastroduodenostomy 
Gastrojejunostomy 
Gastrojejunostomy 
Gastrojejunostomy 
and vagotomy 
Gastrojejunostomy 
Gastrojejunostomy 


Gastrojejunostomy 


Gastrojejunostomy 


Gastrojejunostomy 


Gastrojejunostomy 
Gastrojejunostomy 
Gastrojejunostomy 


Gastrojejunostomy 


Gastrojejunostomy 
Gastrojejunostomy 
Gastrojejunostomy 


GASTRIC 
| ANALYSIS 
| BEFORE 
| OPERATION 
Free acid 
with 
histamine 


Free acid 


Free acid 


Free acid 
postop- 
eratively 

Free acid 
after 
histamine 


Free acid 
with 
histamine 

Free acid 

Free acid 


Free acid 
Free acid 


Free acid 


No free 
acid 
after 
histamine 


Free acid 
after 
histamine 
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PER CENT URINARY EX-_ 
CRETION OF VITAMIN 
B,,Co60 
VITAMIN B,,Co60 ALONE 
11.0 


; 
19 
BN. 77 9.6 
(57 YQ ~ 8.5 
6 21 30.1 
M.W. 50 6 11.7 
7 — 10.4 
M.H. 58 19 9.6 
DA. 56 13 13.0 
62 2 7.5 
PD. 20 20.0 | 
W.M. 18 3 18.8 
G.M. 35 16 24.6 
34 14 36.4 
C. P. 25.1 
N.W. 42 7 9.7 
B.A. 65 22.9 
F.G. 82 2% -~ 12.4 
M.S. 56 64 18.0 
C.W. 48 4 11.7 
J.M. 58 2814 15.8 
A.D. 47 5% — 17.1 
61 4% — 23.2 
JB. 40 | 10.5 
a. 30 8.2 
71 9 _ 18.5 
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of vitamin B,. ean be corrected by the addition of intrinsie factor, the ab- 
normality ean be attributed to an inadequate quantity of intrinsic factor. 
Several factors undoubtedly contribute to this inadequacy. First, decreased 
gastric secretion of intrinsic factor may occur, beeause of an inadequate gastric 
phase of secretion. Stimulation of gastrie secretion through the gastrie mech- 
anism ean be invoked by mechanical distention of the pylorie antrum by food 
or by contaet with the antral mucosa of ehemical substances derived chiefly 
from meat. The resection of a large segment of the antrum associated with 
increased rate of gastric motility and emptying may decrease the effectiveness 
of this hormonal mechanism. In 2 of our eases with poor absorption of vitamin 
B,. stimulation of gastrie secretion with a seeretagogue resulted in improved 
absorption of vitamin B,». 


TABLE 


PER CENT URINARY EX 
CRETION OF VITAMIN B,, 
AFTER 
FOLLOW- 
ING 50 
MG. 
HISTALOG, 
6.4 


GASTRIC 
ANALYSIS 
BEFORE 
| OPERATION 


TIME IN 
MONTHS AFTER 
OPERATION 


1% 


PLUS IN- 
> | TRINSIC 
| FACTOR | 
3.8 7.2 


TYPE OF 

AGE DIAGNOSIS PROCEDURE 

33 Duodenal uleer; 
diverticulum 
of third por- 
tion of duo- 
denum 


Gastroje- Free acid 
junostomy 
and vagot- 


omy 


Careinoma of 
stomach 


mo, with in- 
trinsic factor; 
1 mo. with 
Histalog 


14 


Duodenal ulcer 


Duodenal uleer 


Gastroje- 
junostomy 

Gastro je- 
junostomy 
and vagot 
omy 


Gastroje- 


junostomy 


In the 9 eases of megaloblastie anemia associated with subtotal gastric 
resection reported by MacLean,’ he noted in the surgical specimens intestinali- 
zation of the gastric mucosa and considered this a cause for decreased secretion 
of intrinsic Three of the 4 patients with decreased absorption of 
vitamin B,. who were studied in our laboratory had normal gastrie mucosa in the 
surgical specimens. The fourth patient (M. H.) was found to have a gastrie 
earecinoma with intestinalization of the gastrie mucosa. 


factor. 


Second, following gastrie resection with gastrojejunostomy the duodenum is 


bypassed, and the stomach contents enter direetly into the jejunum. Although 
vitamin B,. in the presence of intrinsic factor is absorbed throughout the small 
intestine, the duodenum is undoubtedly one of the more important sites of 
vitamin B,. absorption. Citrin'® and his associates, in studies on the site of 
absorption of vitamin B,. from the intestinal tract in normal subjects, obtained 
the highest urinary exeretion values when vitamin B,. was instilled by tube 


TIENT 

R. 

60 7 0.7 7.9 0.7 

LR | 1.8 12.4 5.6 
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directly into the duodenum although signifieant absorption of vitamin By» 
did occur following instillation into the jejunum and ileum. Observations of 
von Bonsdorff™® in cases of megaloblastie anemia associated with fish tapeworm 
infestation also attest to the importance of the duodenum in vitamin B,. 
absorption. Dislodgment of the worms from the duodenum induced remission 
of the megaloblastie anemia even though the tapeworms remained in the lower 
portion of the intestinal tract. 

Naish'’ and his associates reported a ease of megaloblastic anemia following 
gastrojejunostomy and attributed the cause to intestinal stagnation in the 
afferent loop of jejunum. In our eases the blind loop syndrome is an unlikely 
explanation for the defect in absorption of vitamin B,. inasmuch as the defect 
was corrected by the simultaneous administration of intrinsic factor and vitamin 
B,.. In the presence of intestinal blind loops which interfere with vitamin 
B,. absorption, intrinsie factor does not correct the absorptive defect. 

Intestinal malabsorption of vitamin B,. associated with steatorrhea also is 
unlikely in our patients inasmuch as intrinsie factor corrected the absorptive 
defect. In addition, the 4 patients had no diarrhea and maintained their 
weights. Plasma prothrombin and serum carotene values were normal in all 
Cases, 

Renal disease as a cause of an abnormally low urinary exeretion of vitamin 
B,,. was excluded since there was no history of renal disease, the urinalyses, 
blood urea nitrogen, and creatinine values were normal and the low urinary 
exeretion of Co®°-labeled vitamin B,. returned to normal levels with the addition 
of intrinsie faetor to the Schilling test. 


SUMMARY 


Vitamin B,. absorption was studied by means of a modified Schilling 
technique in 34 patients who had had subtotal gastric resection. Decreased ab- 
sorption was found in 4 of the 19 patients who had had subtotal gastrie resee- 
tions with gastrojejunostomies. The deficiency was corrected by the adminis- 
tration of intrinsie faetor. All of the patients with gastroduodenostomies ab- 
sorbed vitamin B,. normally. Deereased gastrie seeretion of intrinsie faetor 
and bypassing of the duodenum are considered important faetors in the de- 
creased absorption of vitamin B,. in the patients with subtotal gastrectomy 
associated with a gastrojejunostomy. 
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p-XYLOSE AND POTASSIUM IODIDE ABSORPTION AND SERUM 
CAROTENE IN PERNICIOUS ANEMIA 
ALYCE BEZMAN, M.D., DouGLas G. Kinnear, M.D., F.R.C.P.(C), 
NoRMAN ZAMCHECK, M.D. 
Boston, MAss. 


Wirth THE TECHNICAL ASSISTANCE OF ROBERT C'AVANAGH, A.B. 


Ii presence of an absorptive defect in pernicious anemia was initially 

demonstrated by Castle' who, in 1929, described the absence of intrinsic 
factor in the gastrie juice. Citrin and associates,’ instilling vitamin B,, di- 
rectly into the small intestine, have shown this to be the normal site of B,. 
absorption. Employing a modified Schilling test, they further confirmed the 
inability of patients with pernicious anemia to absorb vitamin B,, in the ab- 
sence of added intrinsie factor. 

The question of impaired small intestinal absorption of other nutrients 
in pernicious anemia is raised by certain similarities of this disease to non- 
tropieal sprue. Megaloblastic anemia, glossitis, peripheral neuropathy, and 
low serum vitamin B,, levels are frequently encountered in sprue patients.*° 
In addition, Gardner® has deseribed similar alterations in gastrie cytology in 
these two conditions. 

Depression of serum carotene levels’ and xylose absorption®: ° are found in 
the sprue syndrome. Heath and Fullerton'® noted a delay in salivary iodide 
excretion following oral ingestion of potassium iodide in 7 of 14 patients with 
pernicious anemia, and concluded that this was evidence of impaired iodide 
absorption from the small intestine. It is the purpose of this report to evaluate 
further the absorptive activity of the small intestine in pernicious anemia. 


MATERIALS AND METHODS 


Serum carotene levels, blood xylose levels, and urinary excretion of xylose were 
measured in the following subjects: 


1. Fifteen normal subjects between the ages of 25 and 72 years (Table I). 

2. Twenty patients with pernicious anemia in hematologic remission, aged 55 to 85 
years. The potassium iodide test was performed on 12 of this group (Table IT). 

3. Five pernicious anemia patients in hematologie relapse, the diagnosis in each 
case being confirmed by the characteristic bone marrow, low serum vitamin B,, levels, and 
«a reticulocyte response to parenteral vitamin B,, therapy. Repeat studies were done 
following therapeutic remission (Table IIT), The potassium iodide test was also per- 
formed on 3 of these patients. 
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4. Six patients with chronic nonmegaloblastic anemia, with hemoglobin levels com 
parable to those found in Group III (Table IV). 


p-Xylose and Carotene Tests.—Following an overnight fast, the bladder was emptied 
and the urine discarded. Twenty-five grams of b-xylose, dissolved in 500 ml. of water, 
was given by mouth at 7 A.M. The xylose content of a 5-hour urine collection was de- 
termined. Patients remained fasting during the test. Blood was drawn for xylose and 
carotene determinations 2 hours following ingestion of the sugar, Xylose was determined 
by the method of Roe and Rice,!! carotene by the method of Bessey and associates.12 

Potassium Iodide Test.—The subjeets drank a solution of 0.25 Gm. of potassium iodide 
in 50 ml. of water after an overnight fast. The mouth was then rinsed and saliva col 
lected every 2 minutes in a cup containing 1 ml, of saturated starch solution and 4 drops 
of 10 per cent ferric chloride solution, The time elapsing between ingestion of potassium 
iodide and its appearance in saliva was measured. The presence of as little as 0.027 mg. 
of free iodine released by ferric chloride resulted in the appearance of a blue-black 
precipitate. 

RESULTS 

The five hour urinary xylose excretion of 10 normal subjects ranged from 
3.7 to 7.9 Gm., with an average value of 5.71 Gm. (Table I and Fig. 1). The 
2-hour blood levels varied from 18.2 to 42.2 mg. per cent, with an average of 
31.8 mg. per cent (Table I and Fig. 2). These latter values are in aeeord 
with those reported by previous authors.” ''! Serum carotene in the control! 
group ranged from 55 to 192 pg per cent with an average of 124.8 pg per eent 
(Table I and Fig. 3), whieh is in agreement with normal values (50 to 420 
pg per cent) reported by others.’ Salivary iodide excretion time, after oral 
potassium iodide ingestion, in 45 healthy subjeets varied from 11 to 16 
minutes. 


TABLE I.) SERUM CAROTENE AND D-XYLOSE DETERMINATIONS IN CONTROL SUBJECTS 


2-HOUR BLOOD 5-HOUR URINE SERUM 
XYLOSE XYLOSE CAROTENE 
| (MG. PER CENT) | (GM.) (#G PER CENT ) 
192 
167 
178 


108 


123 


oe 


65 
37.8 7. 116 
32.2 a. 119 


Normal 2-hour blood xylose levels were obtained in all 20) pernicious 
anemia patients in remission (Fig. 2). Urinary xylose excretion was normal 
in 13 of this group; low values were noted in the remaining 7 (Cases 1 to 7, 
Table Il). Serum earotene and salivary iodide excretion times were normal 
in all patients tested (Table II). 


| 
CASE AGE 
25 
28 
28 
| 29 42.2 3.7 
30 36.4 7.6 | 
6 30 22.6 7.9 
7 34 || 
S 36 21.5 6.8 
9 40 18.2 3.8 
10 0 39.7 3.8 
11 45 
12 50 33.8 5.6 . 
13 58 
: 15 72 


PERNICIOUS ANEMIA 


NORMALS ANEMIA 
Remission Relapse 
XYLOSE Jo oe 
( Gms.) 
ee ‘ 
ee 
\ 
O 


Fig. 1.-Five-hour urine 


xylose determinations in normal subjects and patients with pernicious 


and other anemias. 
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Fig. 2.—Two-hour blood xylose determinations in normal subjects and patients with pernicious 


and other anemias. 
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Fig. 3.—Serum carotene 


determinations in normal subjects and patients with pernicious and 


other anemias. 
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TABLE II. SERUM CAROTENE AND D-XYLOSE DETERMINATIONS IN PERNICIOUS ANEMIA PATIENTS 
IN REMISSION 


POTASSIUM | 2-HOUR 
IODIDE BLOOD 5-HOUR SERUM 
SALIVARY EX XYLOSE URINE CAROTENE 
CRETION TIME (MG. PER XYLOSE (ua PER 
HEMOGLOBIN ( MINUTES ) CENT) (GM. ) CENT) 


14.0 12 2.1 115 
13.4 37.5 2.4 55 
12.5 5 23.8 3.4 99 
15.6 44.9 3.4 71 
14.1 40.7 3.3 265 
13.9 29.0 3.3 193 

2.5 29.9 32 139 

150 
115 
206 
131 
199 


15.3 
14.2 
16.8 
14.5 
15.6 
13.2 
14.5 
14.3 
13.5 


*Determination not made because of elevated (49 mg. per cent) NPN, 


min wise 


Three of 5 pernicious anemia patients in relapse had normal values for 
blood and urine xylose and serum earotene. Diminished urinary excretion 
of xylose was noted in the remaining 2 (Cases 1 and 2, Table Il), but in- 


creased as the hematocrit rose on vitamin B,, therapy. Blood xylose levels 
were normal with the exception of the initial value in Case 1. Serum earo- 
tene was initially depressed in these same 2 patients, but rose to low normal 
levels with treatment. Two of 3 patients had normal salivary iodide exere- 
tion times. The third had a delayed iodide appearance time which returned 
to normal on B,,. therapy. 


TABLE III. Serum CAROTENE AND D-XYLOSE DETERMINATIONS IN PERNICIOUS ANEMIA 
PATIENTS IN RELAPSE 
| | 5- HOUR SERUM 
2-HOUR BLOOD URINE CAROTENE 
XYLOSE | XYLOSE PER 
AGE |HEMATOCRIT DATE | (MG. PER CENT) (GM.) CENT ) 
9/57 15.5 19.7 
11/18/57 39.7 ; 36 
3/ 6/58 21.4 
1/ 3/58 32.2 
J.8. 5 1/16/58 23.3 
J. . 2 3/ 6/58 40.0 
3. M. H. 5 ¢ 2/19/58 42.3 
M. H. 3/16/58 42.1 
4. M.C. 2 5/16/58 38.2 
5. E.C. 2 5/15/58 43.1 


Blood xylose levels in 6 patients with nonmegaloblastie anemia were nor- 
mal (Table IV and Fig. 2). Urine xylose excretion was normal in 4 of this 


CASE | AGE | 

1. D.C. 72 

69 

3. H. W. 77 

4. C.8. 53 

5. M.O’T. 54 7 
6. G. M. 60 

7. E.S8. 71 

8. G. 8. 72 

9. M.D. 55 

10. R.B. 50 

65 

12. J.C. 60 

13. E. D. 71 21.5 138 

14. J.G. 65 38.1 249 

1S. I. 50 32.1 148 

16. M. L. 65 20.6 171 , 
17. B.8. 60 35.7 116 

18. G. E. 75 31.6 112 

19. E. DeP. 71 29.1 108 

26.. J. T. 62 37.8 254 
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group and low in the remaining 2 (Table IV and Fig. 1). Serum carotene was 
within the normal range in 5 patients. One subject with Cooley’s anemia had 
a value of 40 pe per cent, 


TABLE LV. SekuM CAROTENE AND D-XYLOSE DETERMINATIONS IN PATIENTS WITH ANEMIA 
OTHER THAN PERNICLOUS ANEMIA 


2-HOUR 
BLOOD 5-HOUR SERUM 
| XYLOSE URINE CAROTENE 
HEMATO (MG. PER XYLOSE (uG PER 
cCrkIT DIAGNOSIS CENT) (GM.) CENT) 
Is D.U." with acute and 14.2 2.2 
chronic blood loss 
2 Cooley's anemia 22.5 


22.5 
27 Gastric polyp with 42.5 4. 
chronie blood loss 
Hepatosplenomegaly 18.5 
with normocytie ane- 
min 
Chronie infection with 
normoeytic anemia 
43 3! D.U.* with chronie blood 
loss 


*lDuodenal ulcer. 


DISCUSSION 

Mishberg and Friedfeld’® in 1982 demonstrated diminished urinary exere- 
tion of p-xylose in the presence of renal insufficiency. Helmer and Fouts" 
evaluating small intestinal absorption, noted a marked deerease in urine 
xylose excretion over a 5-hour period in 3 patients with steatorrhea. The im- 
portanee of determining blood xylose was emphasized, in order to help differ- 
entiate diminished intestinal absorption from impaired renal clearance. Four- 
mann’ and Benson and associates” also reported low 5-hour urinary xylose 
values (1 to 2 Gm.) in the sprue syndrome. Although some xylose is actively 
metabolized in the human body,’ ' the test is considered useful elinieally in 
sereening patients for intestinal malabsorption. 

Although Helmer and Fouts'* found slightly impaired absorption of 
xylose in a few of their patients with pernicious anemia in remission, no con- 
sistent abnormality was observed. Kidney funetion, as measured by urea 
clearance, markedly influenced the amount of xylose in the urine. In individ- 
ual cases, however, urine xylose exeretion did not necessarily parallel the urea 
clearance, Of our 20 patients in remission, 13 presented normal values for 
blood and urine xylose. The remaining 7 exereted diminished amounts of 
xylose in the urine. The presence of an elevated nonprotein nitrogen in Case 
1 and normal blood xylose levels in Cases 2 to 7 favor diminished renal exere- 
tion rather than impaired intestinal absorption, although a minimal degree 
of the latter cannot be ruled out. 


When patients in relapse were treated with specifie antianemie therapy 


by Helmer and Fouts,'* '? there was a rise in urea clearance and an inerease 
in xylose excretion. We also found inereasing urinary xylose exeretion in 


CASE AGE 
75 
1. G.M. 0 59 
5. BG. 8 56 
6. E. D. 9 181 
‘ 
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2 of our 5 patients undergoing hematologic remission. The 3 remaining pa- 
tients, despite a comparable degree of anemia, had normal urinary xylose 
values. 

There was no consistent impairment of xylose absorption in patients with 
a moderate degree of anemia other than pernicious anemia. The presence of 
an elevated blood xylose level with low urinary excretion in Case 6 suggests 
impaired renal clearance. The possibility that a profound degree of anemia 
may result in impaired xylose absorption is raised by Case 1, who, with a 
hematocrit of 18 per cent, had low levels of both blood and urine xylose. 

Wenger and associates’ have shown by fat balance studies that dimin- 
ished intestinal fat absorption correlates well with low serum carotene levels, 
values below 50 pe per cent being the rule. Elevated serum carotene may 
occur with dietary excesses of carotene-containing foods, and is also found 
in hypothyroidism, diabetes mellitus, and hyperlipemia. Low levels are seen 
with deficient intake, fever, jaundice, celiac disease, sprue, and hyperthyroid- 
ism” *! Rubegni,'” in a study of 5 patients with pernicious anemia, reported 
serum carotene levels within the lower limits of normal unrelated to the 
hemoglobin concentration. 


In the present study, all pernicious anemia patients in remission had nor- 
mal blood carotene levels. Three patients in relapse, with adequate dietary 
intake, presented low normal values. The remaining 2 patients with a history 


of anorexia, nausea, and vomiting showed low levels of serum carotene which 
rose progressively with therapeutie remission and resumption of normal food 
intake. Thus, reduced intake rather than impaired absorption would appear 
to explain these low values since it has been shown'* *” * that diet, the only 
source of body carotene, directly influences blood levels. 

Five of 6 patients with anemia other than megaloblastic had carotene 
values within the normal range. 

Exeretion of salivary iodide following oral ingestion of potassium iodide 
was normal in 12 patients with pernicious anemia in remission in this study, 
whereas only 1 of 3 patients in relapse had a delay in exeretion. These ob- 
servations are at variance with those of Heath and Fullerton'® who reported 
some delay in iodide excretion in 7 of 14 patients with pernicious anemia in 
remission. These differences may possibly be accounted for by variations in 
gastrie emptying time, not measured in either study. 

Clark®® has shown that there is no abnormality of folie acid absorption 
in pernicious anemia. 


SUMMARY AND CONCLUSIONS 
No consistent impairment of intestinal absorption of p-xylose, carotene, or 
potassium iodide was demonstrated in patients with pernicious anemia in hem- 
atologie remission, Two of 5 patients in relapse showed low serum carotene 
levels and low levels of urinary xylose exeretion in the presence of normal 
blood values. The increase in urine xylose content following therapy was 
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presumed to be due, in part, to increased rena) clearance associated with a 
rising hematocrit. Resumption of normal eating habits was associated with 
a rise of serum carotene to low normal levels. 

Although the possibility of minimal malabsorption of substances other 
than vitamin B,, exists in patients with pernicious anemia, particularly during 
relapse, the degree of malabsorption does not appear to be significant. 


We wish to thank Dr. Bernard Cooper of the Thorndike Memorial Laboratory, Boston 
City Hospital, for his assistance in selecting the patients for this study. 
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STUDIES IN LEUKEMIA 
LX. THe INDUCTION oF LEUKEMIA IN ApuLT (3H Mice By MEANS or CELL-FREE 
BRAIN FILTRATES 


STEVEN Scuwartz, M.D., M. ScHooLMAn, M.D., AND 
WILMA Spurrier, M.T. (A.S.C.P.) 
Cricaao, 


Ii opportunity to extend our studies’ on the induction of leukemia with 
cell-free brain filtrates presented itself when a spontaneous leukemia de- 
veloped in a 22-week-old C3Heb male mouse in our breeding colony. 


MATERIALS AND METHODS 


Preparation of Cell-Free Filtrates.—The cell-free filtrates of brain are prepared in 
the following manner: 


1. Half of the mouse brain is removed immediately after death and placed in sterile 
saline solution in a 10 by 75 mm, test tube. When the brain is not to be processed im- 
mediately the tube is stoppered with a cotton plug and stored at —15° C. 


2. Mortar and pestle for grinding, a 100 ml. graduated cylinder, and a flask are kept 


cold in the freezer. 

3. An ice bath consisting of a pan filled with ice cubes and ice water is kept at 
4° ©, along with a flask of buffered isotonic saline solution of pH 7.4. 

4. The cold mortar is placed in the ice bath. The brain is ground in the mortar 
with a small amount of saline solution and some sand, This is done in a cold room or in 
the refrigerator. It takes about 10 minutes until only a fine suspension remains, which is 
poured into the graduate; the mortar is rinsed with the cold buffered saline solution in 
order to dilute the brain suspension to 100 ml. 


5. The suspension is then transferred to a flask where it is left to stand in the re 
frigerator for 24 hours. This step does not seem critical, however, because many filtrates 
have been used after settling for only an hour. 

6. If after standing the supernatant is relatively clear, it may be decanted. If the 
supernatant is very cloudy, it is centrifuged at 3,000 r.p.m. for 15 minutes at 4° C, 

7. Just before filtration the supernatant is contaminated with Esch. coli. 

8. The contaminated supernatant is filtered through a Seitz so-called sterilizing pad 
(Type 8). 

9. A sample specimen is taken for bacterial culture before and after filtration. 

10. Either the filtrate is used immediately or it is stored until needed in sterile 
cotton-plugged tubes at —15° C. 

11. For intraperitoneal inoculations, 0.5 ml, of the filtrate is used. For intra- 
cerebral inoculations, from 0.075 to 0.1 ml. is used, 

12. Recipients are usually 4- to 12-week-old mice. 


From the Hektoen Institute for Medical Research of the Cook County Hospital, Chicago, 
Hl. 
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Preparation of Tumor Cell Suspensions——Tumor cell suspensions are prepared by 
homogenizing tumor in a glass tissue mill and diluting the cells with physiologic saline 
solution to a concentration of approximately 10¢ per cubic centimeter. Tumor cell inocu- 
lations are made intraperitoneally with 0.5 ml. of the cell suspension. 

Source of Mice.—The C3Heb mice were obtained either directly from Jackson 
Memorial Laboratory or were bred from a pedigreed stock originally obtained from them, 
The C3H mice were from Jackson Memorial Laboratory or from Cumberland View Farm, 
Clinton, Tenn. The C3H (Heston) mice were obtained from Dr. Sarah Stewart, National 
Institute of Health. The C3H x 101 hybrid mice were from Cumberland View Farm, 


Clinton, Tenn. The C3H (Rockland) mice were obtained from Rockland Farms, New 
City, N.. 


RESULTS 
Characteristics of Spontaneous Leukemia.—The 22-week-old male C3Heb 
mouse which served as the springboard for these experiments was 1 of 12 C3Heb 
mice in which spontaneous leukemia developed in our colony. Nine of the 12 
were female, 3 were male. Their ages ranged from 22 to 91 weeks (average 50.4 
weeks). Four of the animals were closely related. One female and one male 
were litter mates; the female had 3 litters; 2 of the mice of the third litter also 
developed leukemia. None of the female progeny had subsequent litters; thus, 
this line could not be studied further. 

The spontaneous leukemias were characterized by a generalized lym- 
phadenopathy, including a discrete mesenterie tumor, enlargement of the thy- 
mus, and moderate hepatosplenomegaly. The blood and marrow were studied 
in 4 of the spontaneous leukemias. Of the white cells in the blood, from 5 to 
95 per cent were primitive lymphoid cells. When the percentage was low, the 
lvmphoeytes were inereased in number; many showed bilobed and _ bizarrely- 
shaped nuelei; the eytoplasm frequently took a deep basophilie strain. The 
marrow was partly or completely replaced by the lymphoid cells. These varied 
in size from 12 to 16 miera and had a deep basophilic evtoplasm. The nuclei 
showed distinet pleomorphism and usually oceupied about four-fifths of the 
cell; the chromatin was coarse and one or more nucleoli were frequently present. 

The histologic changes in these animals resembled those observed in the 
lvmphoblastoma of AKR mice. 

Attempts were made to pass two of the other spontaneous leukemias with 
both tumor cell suspensions and brain filtrates. Those attempts were unsue- 
cessful in 8 C3H and 31 C3 Heb mice. 

There were a total of 1,538 C3Heb mice over 22 weeks of age in our breed- 
ing colony which had never been used for experimental purposes. Those in- 
cluded 827 females and 711 males. This gives an incidence of 1.1 per cent in 
females and 0.4 per cent in males, for an over-all incidence of 0.6 per cent. This 
is similar to the ineidence of 3 in 545 (0.6 per cent) females and 1 in 273 
‘(O04 per cent) males in Dr. Elizabeth Fekete’s studies at Jackson Memorial 
Laboratory.* 

Transmission by Means of Tumor Cell Suspensions.—The data for the 
transmission of the C3H lymphoma by means of tumor cell suspensions are sum- 
marized in Table I. 
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TABLE I. RESULTS OF INTRAPERITONEAL INOCULATION Or C3H Mice Witrn TUMOK 
CELL SUSPENSIONS 


| RANGE OF 
SURVIVAL 
RECIPIENT STRAINS SEX (DAYS) 


NO. | 
EXPERI- | NO. LEUKEMIC | PER CENT 
MENTS | NOJINJECTED | LEUKEMIC 
1 C3Heb (Jax) F ~10- ‘ 39/40 97 
C3Heb (Jax) M 9-2 56/59 99 


GROUP 


C3H (Jax) F ( , 31/31t 100 
C3H (Jax) M 3- d 22/25 SS 


C3H (Clinton) 37/39 95 
C3H (Clinton) M 13-1; 9/10 v0 


C3H (Heston) 31/35 XS 
C3H_ (Heston ) M -2 : 14/14 100 
C3H (Rockland ) F 17- 4/20 20 
C3H (Rockland ) M 6-2 4/10 40 


C3H x 101 (Clinton) F 13-15 4 19/24 79 
C3H x 101 (Clinton) M 2 4 27/34 79 

53 298/341 
*One animal survived 35 days. 


7Five animals (in one experiment) that died of infection within the first 3 days after 
inoculation are not included. 


1. In Group 7 all animals suceumbed to the transplanted Ivmphoblastoma 
in 4 of the experimental groups. In one group, all 4 animals survived the 
tumor cell inoculation. 

2. In Groups 11 and 12, 12 mice died of a salmonella infection. In all 
others lymphoblastoma developed. 

3. Significant differences are not apparent between t!e susceptibility of 
the sexes, or the substrains, with the exeeption of the C3IL (Rockland) mice 
(Groups 9 and 10). Although only a few experiments with these animals have 
been done, it appears that their suseeptibilty to this tumor is far less than that 
of the other substrains. 

4. Data do not indieate any significant difference between isologous and 
homologous passage of the tumor. Of the 53 experiments, 21 were made within 
the substrain, and 32 were across substrain lines. Neither the incidence nor 
the latency is influenced by the source of the tumor, or by continuous passage. 
One tumor line has been maintained through 14 passages. Leukemia developed 
in 9 out of 10 mice in 17 to 20 days in the first passage, and developed in 10 
out of 10 in 18 to 18 days in the fourteenth passage. 

Transmission by Means of Cell-Free Brain Filtrates.—The data for the 
transmission of the C3H lymphoma by cell-free brain filtrates are summarized 
in Table IT. 

1. There is no significant difference in either incidence or lateney with 
regard to the sex of the recipient. 

2. The low incidence of leukemia in Group 3 is accounted for in part by 
the fact that 6 animals of one group died within 48 hours after injection. In- 
terestingly, however, in none of the 5 mice of the other group in this same ex- 
periment did leukemia develop when the filtrate of a C3H (Jax) brain was used 
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for filtrate souree. This same filtrate failed to produce leukemia in any of 10 
(3Heb (Jax) mice when inoculated intraperitoneally (Group 5). In one other 
experiment, a filtrate prepared from the brain of a C311 (Heston) mouse failed 
to induce leukemia in any of 5 female C3H (Heston) mice inoculated intra- 
peritoneally (Group 13). 


TABLE II. Resucrs or INOCULATION OF C3H Mice CELL-FREE BRAIN FILTRATES 


“RANGE NO. 


| ROUTE | (DAYS) | EXPERI- | NO. LEUKEMI( PER CENT 
GROUP | RECIPIENT STRAINS | SEX | INOCUL. | SURVIVAL] MENTS | NO. INJECTED | LEUKEMIC 
1 C3Heb ( Hektoen) F LC. 14-29 3 12/13 2 
2 C3Heb ( Hektoen) M I.C. 14-29 3 16/16 100 


3 C3Heb (Jax) LC. 4/15* 

4 C3Heb (Jax) M LC. 14-25 5 39/42 93 
5 C3Heb (Jax) F IP. 9-17 4 23/34 67 
6 C3Heb (Jax) M L.P. 14-20 1 9/10 90 


C3H (Jax) LC, 4 29/29 
8 C3H (Jax) Fr EP. 13-28 3 15/15 100 
9 C3BH (Jax) M I.P. 22-27 1 5/5 100 


C3H (Clinton) EX. 14/15 
11 C38H (Clinton) LP. 10-15 2 23/25 92 
12 C3H (Clinton) M IP. 12-21 3 38/40 95 


18 C3H (Heston) I 
14 C3SH (Heston) M 


C3H (Rockland ) ee 2/10 2 
C3H ( Rockland ) M LP. 10-37 2 11/20 55 


9/14 
10-19 2 9/9 100 


C3H x 101 (Clinton) LP. 35/39 ¢ 
18 C3H x 101 (Clinton) ™M LP. 13-29 a 16/27, 
48 309/378 82 


intracerebral, 
1.P. intraperitoneal, 
*Six animals that died within 48 hours of inoculation are included. 


As in the passages with tumor cell suspensions, the significantly lower 
incidence in C3H (Rockland) mice (Groups 15 and 16) should be observed. 
The latent period for the development of leukemia in C3H (Rockland) females 
also seems longer than in any of the other mice, and although the males of this 
strain also show some delay in the development of leukemia, the degree is much 
less striking. 


3. Significant differences were not demonstrable in the results regardless 
of isologous or homologous brain filtrates. Of the 48 experiments, 27 were 
within the substrains and 21 were across substrains. Continuous passages, up 
to 5, did not influence either the latency or incidence of the development of 
leukemia. In 15 of the 48 experiments the filtrates were prepared from the 
brains of mice in which leukemia developed as the result of the inoculation with 
tumor cell suspensions. Of the 141 mice inoculated with these filtrates, leu- 
kemia developed in 120 (85 per cent). This was similar to the incidence in the 
other 33 experiments, indicating that there is no significant difference between 
the various sources of the brain filtrates regarding their ability to produce leu- 
kemia. 


: 
16 


Volume 55 STUDIES IN LEUKEMIA. IX 937 

4. In addition to the animals shown in Table II, 14 animals were injected 
subeutaneously with cell-free filtrates of brain. Ten of these were less than 
24 hours old at the time of injection. In all 10 of these mice subeutaneous tu- 
mors developed at the injection site (Fig. 1); moreover, disseminated disease -oc- 
eurred, and the animals died in from 20 to 50 days after injection. The re- 
maining 4 animals were 1 week of age at the time of inoculation. In 2, leu- 
kemia developed in 20 and 26 days. 


Fig. 1.—-Fifty-day-old C3Heb mouse injected as newborn with cell-free brain filtrate. Massive 
subcutaneous lymphosarcoma at site of injection. 


5. Twenty mice were injected with a cell-free brain filtrate which had been 
exposed to 100,000 r delivered by the Telecobalt®’ machine. Leukemia de- 
veloped in 11 of these mice. 


TABLE III. RESULTS oF INOCULATION OF C3H Mice With HEat-INAcTIVATED 
BRAIN FILTRATES 


| UNHEATED HEATED 
SOURCE OF RECIPIENT ROUTE OF NO.LEUKEMIC = | NO, LEUKEMIC 
FILTRATE STRAINS INJECTION NO. INJECTED NO. INJECTED 


C3H (Jax) C3H (Jax) 5/18 0/10 
C3H (Jax) C3H (Jax) P. 5/i O/10 


C3Heb (Jax) C3H (Clinton) &. 14/15 


C3H (Clinton) C3H (Clinton) ¥. 10/10 


—— 
| 
4 
300) 
ah $58(1599 
0/8 
0/10 
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The Effect of Inoculation of Control Brain Filtrates Into C3H Mice.—The 
results with heat-inactivated (65° C. for 45 min.) leukemic brain filtrates are 
summarized in Table III. Female mice were used in these experiments. It is 
apparent that heat inactivates the filtrates. 
The results of inoculating C3H mice with cell-free brain filtrates prepared 
from nonleukemie C3H mice are summarized in Table IV. Leukemia did not 
develop in any of the mice so treated. 


Fig. 2.—Adult C3H mouse, 14 days after intracerebral inoculation of cell-free brain 
filtrate. Note massive diffuse mesenteric involvement with invasion of kidneys and genital 
organs, 


Pathologic Changes.—The gross appearance of the induced leukemia is 
illustrated in Fig. 2. The characteristic is a massive, diffuse infiltration of the 
mesentery with involvement of the urogenital organs, the involvement fre- 
quently extending through the peritoneum to infiltrate the abdominal and 
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perispinal musculature. Involvement of the liver and spleen varies from slight 
to massive. Peripheral lymph node involvement is usually only moderate, and 
thymie involvement is modest. 


TABLE TV. RESULTS OF INOCULATION OF C3H Mice With NONLEUKEMIC 
BRAIN FILTRATES 


NO. 
SOURCE OF ROUTE OF EXPERI- NO. LEUKEMIC 
FILTRATE RECIPIENT STRAIN SEX INJECTION MENT NO. INJECTED 

C3H (Jax) C3H (Jax) F a J 2 

C3H (Jax) C3H (Clinton) M Ad 2 

C3Heb (Jax) C3H (Clinton) F 

C3H (Clinton) C3H (Clinton) F 


The histologic changes are typical of mouse lymphoblastoma and are indis- 
tinguishable from those described previously regarding Swiss mice.* 

Among the 25 animals whose blood was studied, the presence in 9 of at least 
5 per cent primitive lymphoid cells was considered diagnostic of ‘‘leukemia.’’ 
Whenever the blood was considered diagnostic, the marrow was always frankly 
involved. Of the 6 animals whose blood was not considered diagnostically 
characteristic, diffuse or massive infiltration by tumor cells was present in the 
marrow. 


DISCUSSION 


The induction of leukemia in C3H mice by means of cell-free brain filtrates 
adds further evidence to the thesis that leukemia may be induced by an agent 
present in cell-free extracts of brain. The characteristics of this agent with 
regard to resistance to roentgen ray, heat inactivation, and filterability are 
comparable to those previously deseribed for the filtrates prepared from the 
brains of AKR' and Swiss* mice and from the brains of patients dying of acute 
leukemia.” 

As with the other filtrates, the percentage of animals in which leukemia 
developed after inoculation is high, and tends to approach an all-or-none re- 
sponse. Occasionally, leukemia fails to develop in whole groups of animals 
when inoculated with a brain filtrate. Resistance in these animals represents a 
phenomenon different from that observed in C3H (Rockland) mice in which the 
incidence of leukemia is low as indueed with both tumor and filtrate. In the 
case of filtrate-induced leukemia, the substrain seems to have a specifie resistance 
to the leukemia. In tumor-induced leukemia, there is no resistance to tumor cell 
inoculation; resistance to filtrate inoculation usually occurs in whole groups of 
animals inoculated with the same filtrate. For this reason it appears that these 
negative experiments result from a function of the filtrate rather than of the 
host. 

The induction of leukemia by a cell-free brain filtrate compels the question 
regarding the mechanics of leukemogenesis. Pathogenic studies’ demonstrate 
the multicentric origin of this disease. They suggest that the pluripotential 


mesenchymal cells are capable of undergoing leukemic transformation anywhere 
in the body. 


| 
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We believe that the cell-free brain filtrate is rich in the virus which, whether 
injected intracerebrally or intraperitoneally, becomes rapidly disseminated, and 
begins to multiply. The mesenchymal cell proliferation characteristic of this 
virus multiplication is a defensive host reaction. In the newborn animal, the 
more primitive and energetic mesenchymal host reaction is capable of producing 
subcutaneous tumors at the site of injection in addition to producing a dis- 
seminated disease. 


SUMMARY 


1. Spontaneous leukemia developed in a 22-week-old male C3Heb mouse. 

2. Tumor cell suspensions obtained from the original leukemic mouse or 
from other mice to which leukemia was transmitted when injected into various 
C3H substrains and C3H x 101 hybrids caused leukemia in 293 of 341 mice 
(86 per cent). 


4. Cell-free brain filtrates, similarly obtained, inoculated into the same 
substrains induced leukemia in 309 of 373 mice (82 per cent). 

4. The experiments further substantiate the thesis that leukemia may be 
induced in the mouse by a cell-free agent having the characteristies of a virus. 
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SEROLOGIC REACTIONS IN ADENOVIRUS DISEASE 
I. DELAYED COMPLEMENT-FIXING ANTIBODY RESPONSE 


James O. Cutver, M.D., Epowin H. Lennerre, M.D., Pu.D., 
LucILE GREEN, B.A. 
BERKELEY, CALIr. 


URING the past several years there has been steadily increasing evidence 

to implicate certain members of the adenovirus family as important in 
the causation of respiratory disease in military populations. The syndromes 
with which the implicated virus types have been associated cover a speetrum 
that ranges from relatively simple upper respiratory infections to atypical 
pneumonias of varying severity.'° 

Laboratory techniques applicable to the etiologic diagnosis of adenovirus 
disease include virus isolation, neutralization tests, and complement fixation 
tests.'* °? The first two methods are quite cumbersome and even the color- 
imetric modification of the neutralization test described by Lennette and 
associates* is relatively time consuming and must be rigidly controlled. Fur- 
thermore, isolation of an adenovirus from a patient does not necessarily prove 
its causal relationship to the illness. 

Complement fixation tests, on the other hand, afford a fairly simple means 
of detecting adenovirus infections, and the relative simplicity of the technique 
permits its application to fairly large groups of individuals. Although the 
method does not identify the adenovirus serotype responsible for the infection, 
the technique can be utilized with a considerable degree of accuracy in epi- 
demiologic studies, particularly when ancillary knowledge is available as to 
the serotypes that are operating in the population under study. In serologic 
tests for the diagnosis of viral infections, and including those for the adeno- 
viruses, a diagnostically significant finding is considered to be the occurrence 
of a fourfold or greater rise in antibody titer during the course of the illness. 
The detection of increases in antibody is based on the examination of multiple 
serum specimens. The first specimen is obtained early in the course of the 
illness, and the second specimen is usually obtained about two weeks after 
the first. It has been our experience that this generalization is applicable to 
the study of adenovirus infections, but exceptions have been encountered and 
form the basis of the present report. In this connection it is noteworthy that 
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the patient from whom the prototype RI-67 strain of type 4 adenovirus was 
isolated did not show a rise in complement-fixing antibody level at 14 days 
after onset of illness, but a rise in antibody titer was detected at a later time.’ 


MATERIALS AND METHODS 


Collection of Serum Specimens and Throat Washings.—The blood samples and throat 
washings examined in this study were collected in the course of a more comprehensive 
study of respiratory disease conducted at Fort Ord, Calif., from September, 1954, through 
August, 1955. <A part of that major study was concerned with the proportion of patients 
admitted to the Station Hospital with respiratory disease attributable to infection with 
an adenovirus. 

For purposes extraneous to this report, 3 blood samples were obtained wherever 
feasible from men admitted to the respiratory disease wards of the Station Hospital. 
Feasibility depended on the individual’s remaining on-post sufficiently long to permit col- 
lection of the second and third blood samples. The first specimen (acute phase) was ob- 
tained as soon as possible after the onset of illness; the second (convalescent phase) was 
obtained, insofar as possible, 14 days thereafter; and the third specimen (late convalescent 
phase) was taken 14 or more days after the second. 

Throat washings were not obtained from every patient because of the technical 
burden posed by the collection and testing of such a huge volume of material. Instead, 
washings were collected from a cross-section of the population, namely, from 434 of the 
3,060 patients admitted to the study; the specimens were obtained at the time the first 
blood sample was taken. 


Laboratory Tests Employed.—These consisted of the complement fixation and neu 
tralization tests and virus isolations. 


Complement fixation tests were done according to the technique employed in this labora- 
tory for some years and described in a recent compendium on diagnostic methodology.9 The 
antigen consisted of HeLa cell cultures infected with the RI-67 strain of type 4 adenovirus. 
Sets of serum samples (first and second, or first and third specimens) from the same indi- 
vidual were always examined simultaneously in the same tests, 


Neutralization tests were done by the colorimetric technique described in another com- 
munication from this laboratory.s Acute and late convalescent phase serum specimens from 


the same individual were always examined simultaneously in the same test. Three adenovirus 
serotoypes, viz., 3, 4, and 7, were used, The type 3 strain was the GB strain, the type 4 was 


the RI-67 strain, and the type 7 was the Gomen strain. 


Virus isolation was based on the use of HeLa cell culture systems. Identification and 
typing of eytopathogenie agents as adenoviruses were done by the colorimetric method,* 
and monotypic antisera (rabbit) were employed. 


RESULTS 
During the period of this study, adenoviruses were recovered from 129 
of the 434 individuals from whom throat washings were collected and tested. 
Subsequent typing of these 129 adenoviruses showed the following distribution 
of serotypes: 1 of type 3, 85 of type 4, and 43 of type 7. 

The multiple serum specimens from those individuals from whom an 
adenovirus had been isolated were examined for their complement-fixing and 


neutralizing antibody levels, and the findings evaluated against virus isolation 


as a base line. 


Delay in the Appearance of Complement-Fixing Antibody.—Collation of the 
results of the complement fixation tests with the results of virus isolation 


= 
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tests revealed that in 120 of the 129 patients from whom an adenovirus was 
isolated, a fourfold or greater rise in antibody titer occurred during the ap- 
proximate 2-week interval between the drawing of the acute phase blood 
specimen and the early convalescent phase blood specimen. Stated in other 
terms, a diagnostically significant rise in complement-fixing antibody titer was 
encountered in 93 per cent of the patients from whom an adenovirus was 
recovered. The remaining 9 individuals from whom an adenovirus had been 
isolated showed no rise in complement-fixing antibody titer in the interval 
between the acute and early convalescent phase bleedings. The findings on 
these 9 patients are presented in Table I. It will be noted that the acute 
phase blood specimens had been obtained within 5 days of the onset of illness, 
and that the early convalescent phase specimens had been obtained from 14 
to 20 days after onset. The absence of antibody at these relatively late periods 
after onset of illness bore no obvious relation to the serotype of the virus 
recovered, inasmuch as 1 patient yielded a type 3 virus, 5 patients yielded 
a type 4, and 3 patients yielded a type 7 virus. These cases were not restricted 
to any one temporal period, but oecurred throughout the study year and were 
intermingled with a much larger number of patients from whom an adenovirus 
was isolated and who showed diagnostically significant rises in complement- 
fixing antibody titer. 


TABLE IT. ABSENCE, OR DELAYED APPEARANCE, OF COMPLEMENT-FIXING ANTIBODY IN 
ADENOVIRUS DISEASE 
CONVALESCENT PHASE | LATE CONVALESCENT 
VIRUS | ACUTE PHASE BLOOD BLOOD PHASE BLOOD 
SUBJECT ISOLATED | DAYS FROM Cc. F. DAYS FROM | C.F. DAYS FROM G. F. 
NUMBER (SEROTYPE) | ONSET TITER ONSET | TITER ONSET TITER 
3 3 18 <1:8 31 1:64 
4 4 <1:8 43 1:256 
4 3 <1:8 3 1:32 


af 


7 


9 7 


*Nonspecific fixation. 


The tests on these serologically negative patients were repeated using the 
acute phase blood specimen and a third, or late convaleseent, specimen; the 
latter specimens had been taken from 29 to 49 days after the onset of the re- 
spiratory illness (Table 1). As is shown in Table I, in 7 of the 9 patients a 
significant rise in complement-fixing antibody had oceurred at some time dur- 
ing the interval between the second and third bleedings, i.e., between the time 
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5 4 3 <1 17 1:8 37 1:64 

6 4 4 <1 20 1:8 36 

7 7 l <3 15 <iee 29 1:16 

<1 
8 | 5 <1 19 <1:8 36 <1:8 
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2 “<7 18 49 1:16 
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the early convalescent and the late convalescent blood specimens had been 
taken. In two instances (Subjects 4 and 8), the isolation of an adenovirus was 
not accompanied by the appearance of detectable amounts of complement- 
fixing antibody, even with blood specimens taken as late as 36 and 38 days 
after the onset of the illness. 


Relationship Between Virus Isolation and Neutralizing Antibody Titers.— 
To determine whether the situation with respect to neutralizing antibody 
paralleled or differed from that observed with the complement-fixing anti- 
body, neutralizing antibody levels were determined in the sera of those 9 
individuals deseribed above and listed in Table I. Unfortunately, by this time 
the early convalescent phase (2 to 3 weeks) serum specimens were no longer 
available, so that antibody determinations were performed on the acute phase 
and late convalescent phase blood specimens. As is shown in Table II, a four- 
fold or greater rise in neutralizing antibody level was demonstrable in all 9 
individuals, including the 2 patients in whom no detectable complement-fixing 
antibody response was observed. 


If, AntTIBOpY RESPONSE IN PATIENTS IN WHOM COMPLEMENT-FIXING 
ANTIBODY RESPONSE TO ADENOVIRUS INFECTION WAS DELAYED OR NONDEMONSTRABLE 


ANTIBODY TITER TO 
TYPE 3 VIRUS | TYPE 4 VIRUS TYPE 7 VIRUS 
| LATE | LATE 
VIRUS ACUTE CONV. | ACUTE CONV. 
SUBJECT ISOLATED PHASE | PHASE | PHASE PHASE 
NUMBER (SEROTYPE ) BLOOD | BLOOD | BLOOD BLOOD 


74 <1: 
74 


1: 
1:2 
1: 
1; 
1; 
is 
1: 


hh 
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A point of interest was the heterotypie nature of the neutralizing antibody 
response, In 4 patients (Subjects 1, 2, 3, and 6) the neutralizing antibody re- 
sponse was homotypic, and there was no evidence of an antibody response 
to a heterotype. In 4 other individuals (Subjects 4, 7, 8, and 9), the hetero- 
typic antibody response was greater than the response to the patients’ own 
infecting virus, i.c., the homotypic response. In a fifth patient (Subject 5), 
who showed a rise in heterotypie antibody, the rise was of a slightly lesser 
magnitude than the rise in homotypie antibody. A surprising feature was the 
failure of all 3 individuals from whom a type 7 virus was isolated to develop 
neutralizing antibody to this serotype; all 3 individuals responded, rather, 
with significant increases in type 4 antibody, and 2 of the 3 also showed diag- 
nostically significant inereases in type 3 antibody levels. The number of in- 
dividuals (4 of 8) who responded heterotypically with type 3 antibody is quite 
high and appears disproportionate in view of the fact that a type 3 virus was 
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encountered only once among 129 adenovirus isolations. It is also of interest 
that the greatest heterotypic increases in type 3 neutralizing antibody oc- 
curred in the 2 patients (4 and 8) who failed to show demonstrable amounts 


of complement-fixing antibody in their blood even one month after the onset 
of illness. 


DISCUSSION 


The data presented do not impugn the validity of studies using ecomple- 
ment fixation tests as the primary tool in the diagnosis of adenovirus disease 
in adults. The lack of correlation between the isolation of an adenovirus and 
the appearance of a complement-fixing antibody response within 2 to 3 weeks 
after onset of illness occurred in only 5 per cent of the 129 cases. Under some 
circumstances, however, such discrepancies might assume some importance. 
It should be pointed out, however, that the results reported in this paper were 
derived from studies during one year on a single, rather homogeneous popu- 
lation of young men; thus, it is not inconceivable that under some cireum- 
stances, as in a population group not previously exposed to infection, a greater 
lack of correlation might be encountered. 

Prior to the completion of this report, the paper of Katz and associates'’ 
deseribed a disassociation between neutralizing and complement-fixing anti- 
body levels. Their studies dealt with adenovirus types 1 to 4, and were con- 
cerned with individuals who could not be considered to be suffering from 
adenovirus disease, but who had residual antibody. They comment that the 
lack of consistent relationship between neutralizing and complement-fixing 
antibody deserves further consideration in relation to its significance in adeno- 
virus infections and adenovirus disease. From one point of view, namely, 
the practicality of using complement fixation tests in the serodiagnosis of 
adenovirus disease, the data presented herein afford a partial answer. None- 
theless, it must be remembered that this study was carried out in a cireum- 
scribed group and that the results might be quite different under other con- 
ditions. Differences might also be observed with other adenovirus types. 

There is general agreement that adenovirus types 3, 4, and 7 are, at 
present, the most prominent causes of adenovirus disease in military popula- 
tions in the United States (see précis in van der Veen and Kok"). It is be- 
coming clearer that adenovirus disease due to type 3 virus is, at least currently, 
of the least proportionate importance. The limited body of data presented 
herein suggest there is a tendency for infections with type 4 or type 7 viruses 
to elicit a heterotypie antibody response to type 3 virus. This finding agrees 
with the observations of Hilleman and associates,'* who noted that inoculation 
with vaccines containing only type 4 and type 7 adenoviruses called forth an 
appreciable rise in antibody to type 3 virus. Both observations thus afford 
additional evidence for the concept that disease due to type 3 virus is rela- 
tively less important, incidence-wise, in this age group (recruits) beeause of 
previous experience. 
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SUMMARY 


Tn young men with respiratory disease there was usually good correspond- 
ence between the isolation of an adenovirus and the appearance of an increase 
in complement-fixing antibody in about 2 to 3 weeks. In 9 of the 129 cases, 
an increase in complement-fixing antibody in this period of time was not 
demonstrable, but in 7 of these 9 instances a definitive increase in antibody 
titer could be found after 29 or more days. In 2 of the 9 cases, complement- 
fixing antibody failed to rise even at this late time. 

When the acute and late convalescent phase sera were assayed for neu- 
tralizing antibody, a rise in titer was detected in all 9 individuals in whom 
demonstrable complement-fixing antibody either failed to appear or was 
delayed in appearing. The neutralizing antibody response was often hetero- 
typic, however, bearing no relationship to the virus serotype isolated from 
the individual. 


The assistance of Frederick J. Low, Captain, MSC, USA, in the collection of field ma- 
terial and of Mrs. Thirza Stevens and Miss Virginia Fox in the technical work is gratefully 
acknowledged. 
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MIXTURES OF COAGULASE-POSITIVE STAPHYLOCOCCI AND 
STRAIN VARIATION IN SPECIMENS FROM CLINICAL SOURCES 


Eucene D. RosensiuMm, Px.D., ano J. L. W. Jackson, M.A. 
Daas, TEXAS 


HE recognition of staphylococeal strains either as discrete in origin or as 

variants of a common parental strain has been greatly simplified in recent 
years by the development and adoption of bacteriophage typing methods.’ 
The occurrence of mixed growth of staphylococci would be expected from the 
ubiquitous distribution and large numbers of known types. There is a common 
tendency, however, to treat clinical specimens as containing only a single strain 
of a given pathogen or potentially pathogenic species. In the course of routine 
bacteriophage typing of staphylococci it was learned that a specimen so treated 
and recorded as nontypable, actually proved to be a mixture of two typable 
strains with complementary patterns of phage sensitivity. This observation was 
expanded into the following study of the incidence of mixtures of coagulase- 
positive staphylococci in routine clinical specimens. Staphylococcus Medium 
110 was found to markedly stimulate pigment development; pigment variation, 
therefore, was employed in the presumptive detection of mixtures, followed by 
confirmatory tests of bacteriophage typing and antibiotic sensitivity testing on 
the isolated strains. 


METHODS 


Routine clinical specimens received by the bacteriology laboratory at the Parkland 
Memorial Hospital were streaked on blood agar plates. Confluent growth from plates con 
taining coagulase-positive staphylococci was transferred to trypticase soy agar slants for 4 to 
6 hours at 37° C. for enrichment and then streaked on plates of Staphylococcus Medium 110. 
These were incubated 48 hours at 30° C, and an additional 48 to 72 hours at room temperature 
(25° C.). Plates were examined daily after the second day for mixtures differing in pigmen- 
tation. Only mixtures in which both components were coagulase-positive by the slide coagulase 
test were further examined for antibiotic sensitivities and typed with bacteriophages. 

The bacteriophage typing methods of Blair and Carr? were employed for typing the 
strains with a set of 25 typing phages kindly supplied by Dr. Blair. 

The resistance of each strain to 10 antibiotics and to triple sulfa was determined with 
the use of sensitivity disks (Baltimore Biological Laboratory). 


RESULTS 


A total of 196 clinical specimens containing coagulase-positive staphylococci 
was screened for mixtures based on pigmentation. Sixteen coagulase-positive 
mixtures were obtained, ranging from pigmented plus white strains, readily 
detected by the first inspection, to pigmented mixtures which did not differ in 
color intensity until the fourth day. Most of the pigmented mixtures would 
not have been detected on the original blood agar plates. 


From the Department of Microbiology, The University of Texas Southwestern Medical 
School, Dallas, Texas. 


Received for publication June 3060, 1958. 
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Mixtures containing a coagulase-negative component occurred frequently 
but were not ineluded. 

Table I summarizes the results of bacteriophage typing and antibiotie sen- 
sitivity testing of the individual strains from the mixtures. Two specimens (3 
and 5) probably represent color variants since the members of each mixture 
differ only in the property of pigmentation. All other specimens are presumably 
mixtures of two distinct strains, and all but one (16) are composed of either 
two bacteriophage types or a typable and nontypable strain. Since one-third 
of all the strains studied were nontypable, a mixture of nontypable strains would 
be expected; therefore, Strain 16 was considered a probable mixture on the basis 
of differences in antibiotie sensitivity and pigment. Two specimens (15 and 15a) 
are identical mixtures from the same patient and are regarded as one mixture. 
Mixtures of two coagulase-positive strains were therefore obtained from 14 
individuals, or 7 per cent of the total number of specimens. 

Several of the bacteriophage patterns are typical of the hospital strains of 
staphylococci and are probably hospital-aequired. In one individual (4) in- 
fection with the typable component is of a transient nature, since specimens 
taken before and after the mixture appeared were pure cultures of a nontypable 
strain. In another individual (3), however, strain 44A replaced a previously 
isolated nontypable strain. 

All of the strains from the mixtures were sensitive to neomycin and ear- 
bomyein and resistant to polymyxin B. Variable results were obtained with the 
other antibioties. For simplicity, only differences in sensitivity are recorded in 
the table, and it ean be seen that in almost all mixtures one strain is generally 
more resistant than the other to one or more antibiotics. 


TABLE II. VARIATION OBSERVED IN 31 CLINICAL SPECIMENS CONTAINING STAPHYLOCOCCI OF 


PHAGE PATTERN 


A. 52/42B/81 5 

B, 52/42B/44A/81 20 2 
©. Mixture of A and B 3 
D. Mixture of 1 


§2/52A/42B/44A/81 

and 

52/52A/42B/81 
Total 


From these results it would seem that pigment variation within a strain is 
not common, having occurred in only two instances in the above series. How- 
ever, we have recently observed that clinical specimens containing staphylococei 
with bacteriophage pattern 52/42B/81 (type 80/81‘) ineluded a number of 
light- and dark-pigmented variants. In a hospital outbreak caused by this type, 
a series of 31 specimens, primarily nasal swabs, were positive for the epidemic 
staphyloeoceal strain. Six of the specimens were mixtures of pigment variants 
and, of these, 4 also varied in bacteriophage typing pattern (Table IT). 


Type 80/81 
| NUMBER OF SPECIMENS 
es PURE STRAINS | MIXTURES OF COLOR VARIANTS 
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Variation in sensitivity to bacteriophage 44A has been previously reported 
for this staphylococeal type.* * The strain sensitive to bacteriophage 52A may 
differ from the type 80/81, although by the eriteria of Williams and Rippon’ 
they would be considered the same strain. There is some indication, however, 
that isolates with a typing pattern 52/52A/42B/81 are not as virulent as typical 
strains of type 80/81.° 

Differences in antibiotic sensitivity were not observed within these mixtures 
containing type 80/81 strains, although some variation occurred between strains 
from different specimens. The degree of pigmentation did not correlate with 
sensitivity or resistance to phage 44A. 


DISCUSSION 


The observed 7 per cent incidence of mixed growth represents a lower limit 
since primary detection is based on a single property, pigmentation, and is not 
of sufficient sensitivity to detect mixtures in which one component occurred in 
proportions lower than 1 per cent. The ratios may also have been altered by 
the preliminary, but unavoidable, subculture. The method is sensitive enough, 
however, to detect mixtures not apparent on the original blood agar plates. The 
proportion of samples with mixed growth agrees closely with that observed by 
Bynoe and associates’ but is considerably less than the 12 per cent observed by 
Wallmark.* When mixtures are not recognized as such and are regarded as pure 
strains, the laboratory findings may be misleading. Bacteriophage typing and 
antibiotic sensitivity testing of an isolated colony would give a different set of 
results than similar tests performed on the mixed growth. This may be of par- 
ticular importance if the two strains differ in virulence and treatment is based 
on the laboratory findings for the strain of lesser virulence. The possibility of 
mixed infection should be considered in instances in which response to therapy 
does not coincide with laboratory findings of antibiotic sensitivity. 

The lysogenie state, common in coagulase-positive staphylocoeei, undoubt- 
edly influences the prevalence and stability of such mixtures, since phage 
carried by one strain may lyse or lysogenize the other. A superinfecting strain 
can thus have a transient existence, can replace the original strain, ean interact 
to produce new types, or may coexist as a stable mixture. Such interactions 
may be a factor in the variability of type 80/81 which has rapidly spread and 
colonized in hospitals throughout the world.*:'° If this type superinfeets the 
nasal passages of a staphylococcus carrier, the interaction and lysogenization 
may produce the variation which we have observed. Another possibility is that 
type 80/81 has a higher spontaneous mutation rate than other strains of staph- 
vloeoeci. Variation in sensitivity to antibiotics reported from different localities 
for this type might be evidence of genetie instability. 


SUMMARY 
1. Fourteen of 196 routine clinical specimens containing coagulase-positive 
staphylococci were shown to be mixtures of two strains. 


2. The pairs of strains in these mixtures differed in pigmentation, sensitivity 
to one or more antibioties, and in bacteriophage typing pattern. 
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3. Strains of bacteriophage type 80/81 showed a relatively high degree of 
variation in pigmentation and in bacteriophage typing pattern. 
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ROLE OF ADRENAL HORMONES IN LYMPHOCYTE MOBILIZATION 
IN THE RAT 


J. W. M.D.* 
West HAVEN, CONN. 


N A previous study we deseribed a method for replacement-transfusion of 

rats with donor blood that had been rendered leukoeyte free.'| Rapid re- 
moval of blood was achieved by this technique, and the rate of leukoeyte 
mobilization from storage areas for replenishment of the cireulating blood 
leukoeyte levels could be studied. The remarkable thing about these experi- 
ments was the extreme mobility of leukocyte reserves in the rat, so that total 
replenishment of the cireulation oceurred within 10 to 30 minutes after 
cessation of active leukocyte removal. Repeated periods of leukocyte removal 
failed to exhaust the reserves. Equally striking was the observation that both 
granulocytes and lymphocytes were brought back into the blood stream in 
quantities necessary to restore their original levels. 

From these observations, we coneluded that the rat has large pools of 
readily available, preformed leukocytes. Because of the rapidity with whieh 
these leukocyte reserves entered the blood stream, it seemed clear that they 
were in or near vessels from whieh they could enter the general circulation. 

In the previous studies, we found no clue to factors that might control 
the magnitude or mobility of these leukocyte reserves. Many studies have 
indieated the important role of the adrenal hormones in the quantity of 
lymphoid tissue, and Dougherty and White? have emphasized the lymphopenie 
effects of adrenal hormones in rodents. Sinee the leukocytes of the rat are 
mostly Iymphoeytes, the present study was undertaken to determine what 
effects, if any hypophysectomy, adrenalectomy, or cortisone therapy would 
have on the readily mobilized reserves of lymphocytes in the rat. 


METHODS 


Sprague-Dawley or Sherman strain rats were used in all experiments. Heparinized 
donor rat blood was obtained by eardiae puncture, was centrifuged, and the buffy coat re 
moved by the methods previously deseribed.2 The reconstituted donor blood regularly had 
leukoeyte counts of less than 500 per mm.*. 

The replacement transfusions were performed using the previously deseribed technique. 
Donor blood was injected into a femoral vein plastie cannula at a rate equal to the spon- 
taneous outflow from a cannula in the femoral artery. Replacement transfusions of 20 ml., 
found to represent at least 80 per cent blood volume replacement, were accomplished within 
5 minutes or less. 

From the Medical Service, Veterans Administration Hospital, West Haven, Conn., and 
the Department of Internal Medicine, Yale University School of Medicine, New Haven, Conn. 


Funds for this study were obtained from the Veterans Administration and from Grant 
No. SAR/AT (30-1) 1926 of the U. S. Atomic Energy Commission. 


Received for publication July 10, 1958. 


*Chief, Medical Service, Veterans Administration Hospital, West Haven, Conn., and 
Assistant Professor of Medicine, Yale University, New Haven, Conn. 
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Total and differential leukocyte counts from blood samples obtained from the arterial 
cannula were made before, immediately after, and at varying times during the recovery phase. 


Replacement transfusions were performed on rats weighing approximately 250 grams. In 
the experimental groups were: (1) 5 rats of the Sherman strain that had been adrenalecto- 
mized 1 to 11 days before study, and had been maintained with the subcutaneous admin- 
istration of 0.5 mg. of desoxycorticosterone acetate (DOCA) daily and 5 per cent glucose 
in saline for fluid intake; (2) 5 rats of the Sprague-Dawley strain that were hypophysecto- 
mized approximately 2 weeks before use*; and (3) 7 rats treated with 5 mg. cortisone 


acetate (Merck) subcutaneously for 14 days before study. Although extensive experience 


with normal animals had been gained in previous studies, appropriate sham-operated or 


injected rats were used as controls. In daily experiments, both an experimental and a 


control animal were subjected to replacement transfusion with identical donor blood. 


TOTAL LEUKOCYTES —— TOTAL LYMPHOCYTES --— 


ADRENALECTOMY 


20-4 ADRENALECTOMY 
SHAM OP. 


WBC x 10° 
WBC x 10° 


ecrore | © 

AFTER Time (minutes) 

HYPOPHYSECTOMY 
SHAM - OP. 


0 20» 60 

one) | Time (minutes) 
HYPOPHYSEC TOMY ——— 


WBC x 10° 


Time (minutes) 
CONTROLS 


Time (minutes) 
CORTISONE TREATED 


WBC 10° 


AFTER 


Time (minutes) AFTER Time (minutes) 


Fig. 1.——Mean changes in leukocytes and lymphocytes during and following leukocyte replace- 
ment transfusion. 


*Obtained from the Endocrine Laboratories, Madison, Wis. 
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RESULTS 


As anticipated, the peripheral blood leukocytes (predominantly lympho- 
cytes) were inereased in adrenalectomized and hypophysectomized animals as 
a concomitant of their increased lymphatie tissue. Conversely, the cortisone- 
treated animals had low total leukocyte and lymphocyte levels correlating with 
the general decrease in lymphoid tissues following adrenal hormone therapy. 
These differences were marked, with the mean total leukocyte level of the 
adrenalectomized group 19,100 mm.*; of the hypophysectomized group 21,600 
mm.*; and of the cortisone-treated groups only 7,200 mm.*. The marked 
leukopenia and lymphopenia of the cortisone-treated rats is statistically signifi- 
eant (P>0.05), using the ranking test of White,’ when compared with either 
the adrenalectomized, hypophysectomized, or the control saline-injected rats. 


ADRENALECTOMY 
©  WHYPOPHYSECTOMY 
CORTISONE TREATED 


6 
a 


TIME IN MINUTES 
Fig. 2.—-Comparison of the percentage change in lymphocytes of adrenalectomized, hypo- 
physectomized, and cortisone-treated rats. 

These 3 groups of animals with markedly different lymphatic tissues were 
subjected to leukocyte replacement transfusion. The results of mean total 
leukocytes and total lymphoeyte changes are shown in Fig. 1. In all groups, 
considerable mobilization of leukocytes (mostly lymphocytes) occurred during 
the approximately 5 minutes required to complete the transfusion procedure. 
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This acute mobilization of cells was manifested by the fact that the caleulated 
80 per cent blood volume replacement resulted in only 60 per cent or less 
decrease in leukoeytes. Reeovery to approximately initial levels occurred in 
all instances in 20 to 30 minutes, but no significant inereases above initial 
levels were noted. Although the cortisone-treated group had the low total 
lymphoeyte count, the lymphocyte recovery curve, calculated as per cent of 
initial value, appears even more brisk than in the other groups (Fig. 2). 
Even the quantitative mobilization during the first 30 minutes (increase of 
approximately 5,000 lymphocytes per mm.") is not ineonsiderable. 


DISCUSSION 


Adrenalectomy and hypophysectomy caused the expected increase in 
peripheral blood lymphocytes in the rat, and cortisone therapy resulted in a 
marked lymphopenia. When lymphocytes were removed during the course 
of a total leukocyte replacement transfusion, the cortisone-treated rat exhibited 
good ability to mobilize lymphocytes back to the initial cireulating level. It 
would seem, then, that cortisone therapy, although altering the total lymphatic 
tissue, does not significantly change these lymphocytes that we have termed 
the ‘‘ready reserve’’ for blood entry. 

Of interest was the fact that this brisk mobilization of lymphocytes in the 
cortisone-treated rats did not exceed the initial value. The mobilization, then, 
ceased rather abruptly at the original lymphopenie level, without any tendency 
to return to normal or even higher leukocyte levels. We have noted this type 
of ‘‘thermostatie’’ control of circulating blood leukocyte levels in other studies. 
The adrenals play a presumably significant role in setting this level for the 
cireulating lymphocytes in the resting animal and, if so, would logically be 
responsible for controlling the cessation of rapid mobilization in response to 
our procedure. 

In none of our studies to date have we been able to significantly exhaust 
the leukoeyte reserves of the rat, regardless of modification of the animals by 
operation or drugs. Since the total magnitude of the lymphocyte stores has 
not been determined by our method, they might be markedly depleted in the 
cortisone-treated animals that seem to respond so readily. Gowans* certainly 
has demonstrated that chronic removal of lymphocytes from the circulation by 
thoracie duet drainage does cause eventual lymphopenia. 

The significant aspects of these observations, however, is the fact that 
depletion of eireulating lymphocytes by cortisone does not abolish these readily 
mobilizable cells. The biologie functions of such ready reserves are not clear, 
but the fact that they seem to remain, even in the animal depleted in lymphoid 
tissue, suggests that they are of some importance to the rat. 


SUMMARY 


1. The effeets of increased lymphopoiesis (hypophyseetomy and adrenal- 
ectomy) and of decreased lymphopoiesis (cortisone therapy) on the response 
of rats to sudden depletion of blood leukocytes by replacement transfusion was 
studied. 
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2. Depletion of leukoeytes by this technique was followed by a return to 
essentially base-line levels within 30 minutes as lymphocytes were rapidly 
mobilized from body stores. 
3. Even severely lymphopenie rats (cortisone-treated) exhibited rapid 
mobilization of lymphoeytes, although there was little tendeney to exeeed the 
initial blood levels. 


We would like to thank Miss Sarah E. Mair for technical assistance in this study. 


The actual leukocyte values obtained in the individual experiments are available from 
the author on request. 
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LABORATORY METHODS 


PRODUCTION OF MAGNETICALLY CONTROLLED VASCULAR 
OBSTRUCTION 


Aucust BUERMANN, M.D.,* ALviIn S. BLuM, Sc.B.** 
CORAL GABLES, FLA. 


N STUDIES necessitating the occlusion of blood vessels there is a need for a 

controllable and nontraumatie method of obstruction. Clips or ligatures are 
frequently used on large vessels, with resulting local trauma. It is possible to 
obstruct small vessels by the injection of microspheres, which eliminate trauma, 
but generally obstruct all small vessels... Heat and chemicals have been used to 
infarct capillary beds, but these are extremely traumatie and may obscure the 
pathology. 

The technique developed here employs a magnetic field applied to the ex- 
terior of blood vessels, through which small ferromagnetic particles are passing. 
The field holds the particles until a sufficient collection completely obstructs the 
vessel. Early release of the fields eliminates the holding foree, and the particles 
are free to leave the site, while a more prolonged application leads to permanent 
occlusion of the vessel. Magnetic fields have been used in biologic experiments 
for the separation of phagocytie cells after they have engulfed ferromagnetic 
particles, but they have not to our knowledge been used to produce vascular 
obstructions. 


MATERIALS AND METHODS 


The method consists of the injection into a suitable blood vessel of a solution of 1 per 
cent gum acacia in an isotonic saline solution containing a 5 or 10 per cent suspension of 
magnetic ferric oxide (Fe,O,).t The estimated dosage of ferric oxide is approximately 20 
mg. per kilogram. Observations suggest that dosages over 50 mg. per kilogram may result 
in a delayed death due to an excessive accumulation of iron in the lung and reticuloendo- 
thelial system. The particles of oxide being smaller than the red corpuscles (1 micron) easily 
pass through the capillaries and, inappropriate dosage, through the lung without obstruction. 
After the injection, an electromagnet (described below) is applied over, but not in contact 
with, the exposed vessel or area to be infarcted. When the vessel is of sufficient size, the 
accumulation of oxide can be easily visualized beneath the magnet. When the magnetic 
field is removed prior to the development of a permanent obstruction, the accumulation of 
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oxide can be seen to break apart and be carried off by the restored flow of blood. If the 
magnetic field is promptly reapplied, the oxide may again be accumulated in the field but 
usually in a smaller quantity. 

Two different types of magnets have been employed in this study. Type I is designed 
to produce a high intensity field in a carefully restricted area for obstruction of a selected 
vessel. This uses a 4% inch soft iron rod folded upon itself with the free ends converging, 
leaving a 4 mm. air gap at the tip. The magnetic field produced by 5,500 turns of No. 28 
copper wire wound around the rod is concentrated in the 4 mm. gap between the poles. Power 
is provided by a 28 v. D.C. 2 amp. power supply. The gap formed by the converging filed 
ends of the 4 inch rod is just large enough to admit the blood vessel to be obstructed. The 
coronary artery was actually dissected free and drawn between the poles by a Teflon tape 
secured to the magnet. Superficial cerebral vessels may be admitted between the poles by 
gently pressing the poles again at the brain surface, thereby depressing the tissue adjacent 
to the vessel. 

Magnet Type II is designed to produce a widespread magnetic field for obstruction of 
all vessels of a tissue area, rather than obstruction of a specified blood vessel. This has been 
used to infaret vessels in the spinal cord and brain. The original Type Il Magnet was a 
commercial surgical eye magnet, consisting of many turns of copper wire on a straight iron 
rod. The magnetic field thus produced radiates from the tip of the rod. A new magnet has 
been prepared with a longer tip for easier application to less accessible areas. An air-cooling 
coil has also been incorporated into the design so that the field may be applied for a sustained 
period without overheating. 


Fig. 1.—Arterial obstruction in a rabbit's ear, following the discontinuance of the electro- 
magnetic fleld. The small obstruction between the magnet poles represents a portion of the 
main block being carried peripherally by the returning blood flow. (Reproduced from a mo- 
tion-picture frame.) 


RESULTS 


Preliminary studies with this technique were carried out utilizing a large 
artery in a rabbit’s ear (see Fig. 1). The cerebral cortieal veins (Fig. 2) and 
arteries of 3 large dogs and a rhesus monkey were subjected to temporary and 
permanent infarctions. In these experiments the oxide was injected into either 
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Fig. 2. \ cerebral cortical venous obstruction (monkey) between the magnet poles. 


Fig. 3.—A partly obstructed cerebral vein in a localized area of cerebral infarction in a dog. 
Hematoxylin and eosin stain. 
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the saphenous vein, pulmonary artery, or earotid artery. The site of injection 
seems to have no appreciable effect on the time of development or size of the 
obstruction. When the magnetie field was maintained for 10 minutes or longer 
the obstruction remained permanent. Limited observations seem to indicate 
that heparin injections may further prolong this period of reversibility. With 
Magnet Type II, localized areas of infarction were produced in one cerebral 
hemisphere of a dog (Figs. 3 and 4). 


Fig. 4.—A completely obstructed cerebral vein in an area of localized infarction in a dog. 
Hematoxylin and eosin stain. (Magnification «640; reduced 4;.) 


Two attempts were made to produce a coronary ocelusion in large (30 Kg.) 
dogs by the injection of 7 ml. of 10 per cent oxide solution into the saphenous 
vein. The magnetic field was maintained for 15 minutes over the exposed an- 
terior coronary artery. No appreciable accumulation of oxide could be ob- 
served, and eleetrocardiographie recordings showed no change within a 30- 
minute period of observation. A second injection of 8 ml. was then made and 
the field maintained for 10 minutes with no demonstrable effeet. Eleetrocardio- 
graphie observations over a l-hour period failed to demonstrate any changes 
that could be aseribed to the injection. The animal was then sacrificed and 


histologie studies of the heart also showed no evidence of occlusion. A repetition 
of this experiment with modifieation of the magnet shape to permit a better 


application of the magnetie field was also unsuccessful. It is our opinion, how- 
ever, that coronary occlusion may be produced by utilizing a stronger magnetic 
field or in an experimental animal having smaller coronary vessels. 
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By the application of the magnetie field to the exposed spinal cord (thoracic) 
of a monkey and a dog it has heen possible to produce an area of localized in- 
faretion. The occlusions in the superficial vessels of the cord can be easily 
observed and microscopic studies also demonstrate (Fig. 5) the oeelusion of the 
smaller intraspinal vessels. Further studies on spinal cord infarction are in 
progress. 


Fig. 5.—ieneralized obstruction of all vessels in a localized portion of the midthoracic spinal 
cord of a dog. Hematoxylin and eosin stain. 


Of the 9 animals used in these experiments (1 rabbit, 6 dogs, and 2 monkeys) 
3 dogs were subjected to acute experiments and were sacrificed. Two animals 
expired (1 dog and 1 monkey) following the procedure, the dog within 30 
minutes and the monkey after 8 hours. In both cases the dosage of Fe;O, was 
50 mg. per kilogram or over. Histologic studies in each ease showed a large 
accumulation of the oxide in the lungs and reticuloendothelial system. The re- 
maining animals showed no ill effects 3 to 4 weeks after the injection. 


SUMMARY 


A technique for the transient or permanent occlusion of small arteries, 
veins, and eapillary beds is presented. The method is dependent on the ac- 
cumulation of magnetic ferric oxide when the vessel or tissue area is subjected 
to an electromagnetic field. The advantage of the technique may reside in the 
avoidance of trauma to the vessel and adjacent tissue and in the production of 
controlled infaretions and ischemia. It is suggested that this technique may 
be of value in studying electrical and chemical changes in small areas of tissue 
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subjected to periods of transient infarction. It is hoped that the technique can 
be improved with further development of the electrie magnet in regard to the 
strength and localization of the magnetie field. 


REFERENCES 


1. Agress, C. M., Rosenberg, M. J., Jacobs, H. I., Binder, M. J., Schneiderman, A., and 
Clark, W. G.: Protracted Shock in the Closed Chest Dog Following Coronary Em- 
bolization With Graded Microspheres, Am, J. Physiol. 170: 536, 1952. 

2. Levine, 8.: Magnetic Techniques for in Vitro Isolation of Leucocytes, Science 123: 185, 


1956. 


‘ 
2 


THE ESTIMATION OF ANGIOTENSIN*® IN: BLOOD 
A. ©. Pavapint, Pu.D., E. BrauN-MENENDEz, M.D., S. peu Frape, Pu.D., 


AND Z. M. Massanti, Pa.D. 
BuENOs AIRES, ARGENTINA 


ILE participation of the renin-angiotensin system in experimental renal 

hypertension has been repeatedly confirmed by direct or indirect evidence.*~* 
Ilowever, there still remains some doubt concerning the presence of increased 
amounts of renin or angiotensin in the blood of animals with renal experimental 
hypertension and of hypertensive human beings. 

Methods used for the determination of renin are either too insensitive or 
not specific or quantitative enough.*? 

Great progress was made by Skeggs and co-workers who developed two 
methods for the estimation of circulating angiotensin. One of their methods* 
consists in equilibrating the circulating blood of experimentally hypertensive 
dogs in an artificial kidney with salt solution which is then concentrated and 
tested for pressor activity. The other method® consists in rapidly drawing 250 
ml. of blood into aleohol and concentrating and purifying the hypertensin 
present in the filtrate. 

With both of these methods, larger amounts of angiotensin were found in 
dogs with experimental hypertension than in normal dogs.** The same results 
were obtained in human beings with malignant hypertension.'’ One objection 
to these methods is that the withdrawal of a large amount of blood (250 ml.) 
inevitably causes some degree of blood pressure drop which, as shown by 
Ituidobro and Braun-Menéndez,'' may itself provoke a liberation of renin by 
the kidney and, hence, the formation of angiotensin in the blood. 

In this paper we present an improved method for the direct estimation of 
cireulating angiotensin requiring the withdrawal of only 50 ml. of blood which 
causes no change in blood pressure in dog or man. Our method has a high rate 
of recovery and is relatively simple in its manipulations. 


METHODS 


Principle of the Method.—The blood sample is collected into ethanol and the angiotensin 
is removed from the filtrate by the resin Dowex 50-X2. On elution with alkali one obtains a 
pressor-active solution which can be assayed in the rat. 


Experimental Procedure.—Fifty milliliters of arterial blood is rapidly withdrawn into 
200 ml. of 96 per cent ethanol using a technique closely similar to that described by 
Skeggs and associates.” The mixture is well stirred for 2 to 3 minutes and then filtered 
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on a Buchner funnel through a bed of Hyflo Supercel. When the cake is becoming dry, 
but before it cracks, 200 ml. of 80 per cent ethanol is added to the funnel. The washed 
cake is compressed with an adequate instrument so as to recover most of the withheld 
liquid. Rinsing the cake with less than 200 ml. of 80 per cent ethanol leads to losses in 
the recovery of angiotensin. The filtered solution can be kept in the refrigerator over- 
night, but to avoid losses any precipitate that happens to arise should be included in the 
next stage. 

The alcoholic solution is concentrated at 30 to 35° C. in a rotating evaporator!? 
until 270 to 290 ml. of distillate has been collected. The pH of the concentrate is as 
high as 8 or 9 but this has been found to have no effect on angiotensin. If the filtrate is 
previously acidified to pH 4 or 5, a heavy precipitate occurs during the concentration and 
80 per cent of the angiotensin is lost. 

The dark and turbid concentrate is transferred to a separatory funnel, acidified 
to pH 1 with 5 N hydrochloric acid (approximately 2 ml.), and extracted with 1.5 volumes 
of ether. The mixture must be thoroughly shaken for 1 minute and allowed to stand for 
separation. The cycle should be repeated at least twice. The aqueous phase is separated 
and concentrated to a volume of 50 ml. in the rotary evaporator and adjusted to pH 7.5 
to 7.7 using phenol red as external indicator. At this pH there oceurs an abundant 
precipitate that is eliminated by filtration through a thin bed of Hyflo Supercel. The 
clear filtrate plus a 1 ml. rinse is adjusted to pH 5.6 or 5.7, measured with a glass elee 
trode, and percolated through a column 10 em. high and 1 em. wide of Dowex 50-X2, > 120 
mesh, equilibrated at pH 5.4. 

The resin is prepared according to the method of Hirs and associates.1% The only 
difference is the use of the resin retained by the 120 mesh sieve and the molarity of the 
final equilibrating buffer. We use the 2 normal citrate buffer, pH 5, diluted 8 times. 
To regenerate the used resin, it is washed on a Buchner funnel with 10 to 20 volumes of 
2 N HCl followed by an equal volume of 1 N NaOH and, finally, sufficient quantity of 
citrate buffer, 0.25 N, pH 5.4, until the filtrate is of the same pH. The resin is stored 
suspended in the buffer. After repeated use the resin loses its original capacity, and the 
recovery of added angiotensin may drop somewhat. In this situation it is advisable to 
stir the resin with 2 N NaOH for 2 to 3 hours on a steam bath. It has been found 
(Fig. 1) that a column 10 em. long and 1 em. wide is able to separate quantitatively the 
angiotensin present in the extracts prepared, as previously described, from volumes not 
greater than 50 ml, 

In other experiments where the 50 ml. sample was percolated through a 5 by 1 em, 
column, the recovery of added angiotensin dropped to 30 to 40 per cent. 

The rate of passage should be kept within a range of 0.3 to 0.4 ml. per minute. 
When all the solution has gone through, the column is rinsed with 10 ml. of water. The 
elution of the adsorbed angiotensin is carried out with 5 ml. of 0.1 N NaOH followed by 
10 ml. of water. This eluate is neutralized to pH 7.5, and the small precipitate that 
arises is eliminated by filtration. The solution is concentrated to 0.5 to 1.0 ml. and 
biologically assayed. 

The pressor activity of the concentrates was measured in nephrectomized rats anes 
thetized with Nembutal. The nephrectomy may be performed just before the assay but 
is more advantageous if done in the previous 24 hours. The registration of the arterial 
pressure is done in the usual way with a mercury manometer connected to the rat carotid 
artery by a polyethylene tube. The injections are made in the jugular vein which is 
cannulated with a short piece of polyethylene tube. The trachea is also cannulated. The 


sensitivity of the rats is roughly proportional to their weight. One rat unit is the pressor 


activity of 0.2 ml. of a standard angiotensin preparation (prepared extemporaneously by 
a four hundred fold dilution of a concentrated solution kept at -20° ©.). This amount 
injected in a rat weighing 200 grams raises its blood pressure 20 to 35 mm. Hg and is 
equivalent to 0.0135 Goldblatt unit,* and to 0.057 yg of noradrenaline. 


*This figure was obtained by comparison with a sample of pure angiotensin I, kindly 
provided by Dr. L. T. Skeggs, Jr. 
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We currently use rats weighing 40 to 50 grams; this enables us to detect 0.1 rat unit 
or less. With these rats it is necessary to inject only small volumes of fluid at a time. 
We operate within the range 0.01 to 0.1 ml. using a 1 ml. tuberculin syringe driven with a 
micrometric screw attachment (Fig. 2). The assembly permits the rapid interchange of 
syringes and is very accurate. One full revolution of the micrometer permits the injection 
of approximately 0.02 ml. Since all our measurements are relative, we operate in terms 
of revolutions of the micrometer. 
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VOL. of EXTRACT 


Fig. 1.—Four hundred milliliters of dog blood was processed as described in the experi- 
mental procedure up to the stage of passage through the column. The 400 ml. extract ob- 
tained was then divided into 4 samples of 50, 50, 100, and 200 ml. One 50 ml. sample was 
used as a blank and to each of the others 10 units of angiotensin was added. All the samples 
were then percolated through identical columns of Dowex 50-X2, of 10 cm. per 1 ecm. The rest 
of the procedure was as described. The experimental points represent the recovery of added 
angiotensin expressed in percentage after deduction of the angiotensin contained in the blank. 


6 


Fig. 2.—-Micrometric attachment for the injection of small volumes of fluid to the rat. 


Key: 1 micrometric screw of 1 mm. pitch; 2 = barrel graduated in turns and one-fourth 
turns; 3 driving head; 4 1 ml, tuberculin syringe; 5 = rubber band; 6 = pin to clamp 


the rubber band and fasten the syringe to the base. 


The dead volume that exists in the polyethylene catheter between the blood stream 
in the jugular vein of the rat and the extreme of the needle of the syringe must be filled 
with the solution to be assayed before any test injection can be made. Usually this 
volume does not exceed 0,01 ml, 


The routine procedure employed to measure the pressor activity of an unknown 
solution consists, first, in adjusting the volume injected so as to obtain approximately 
equal pressor responses in comparison with the standard solution; and, second, in making 
injections in the following order: 2 or 3 doses of the standard, 2 of the unknown, and the 
same 2 or 3 doses of the standard. If there is a marked difference between the first and 
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the last set of standards, the whole series is repeated until the 4 or 6 injections of 
standard give similar responses. The simple graphical procedure used to determine the 
activity of the unknown in terms of the standard is explained in Fig. 3. 
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Fig. 3.—-Routine procedure to estimate the pressor activity of unknown solutions in 
terms of an arbitrary standard. A, Pressor responses to successive injections of standard 
angiotensin (5 rat units per milliliter) and unknown solution. The numbers indicate the 
turns of the micrometric screw corresponding to the injection. B, Graphic representation of 
the pressor responses, measured in millimeters of mercury, as a function of the amount in- 
jected. Open circles, standard angiotensin points; black dots, unknown angiotensin solution 
points. It is clear that 0.73 of the unknown is equivalent to 1.07 of the standard. Hence 
the concentration of the unknown is 7.3 rat units per milliliter. 


RESULTS 

To test the validity of the procedure, 2 accurately made dilutions of the 
concentrated mother solution of the standard angiotensin were assayed on 11 
and 10 animals, respectively, against the usual standard. The results (see 
Table 1) demonstrate that the method has a maximum error of +14 to 21 per 
cent on single measurements. The standard deviation in both series does not 
exceed 11 per cent. 

Recovery Experiments.—All the experiments reported were done by 
adding 10 rat units of angiotensin to 50 ml. of heparinized dog’s blood just 
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prior to its mixing with the ethanol, as explained in the seetion on Methods. 
Another 50 ml. of the same blood was processed at the same time and the pressor 
value obtained was considered a blank of the first sample. Special care was 
taken to operate with both samples almost simultaneously in the first step to 
avoid any error due to the observed increase of the blank value that takes 
place in heparinized blood at room temperature. These data, collected in Table 
II, show that the method permits a complete recovery of the added angiotensin. 
The variability observed in single determinations can be explained in terms of 
the error due to the biologie assay. 


TABLE [. REPRODUCIBILITY OF THE ASSAY METHOD 


R.U./ML. 
K.U./ML. FOUND (MEAN STANDARD =| EXTREME VALUES | NO. OF 
THEORETICAL VALUES ) DEVIATION — | FOUND | MEASUREMENTS 
7.43 0.64 6.45 11 
8.55 
3.24 0.33 2.59 10 
3.63 


units. 


II, Recovery EXPERIMENTS 


NO. OF TOTAL RAT l RAT UNITS RECOVERY 
EXPERIMENT UNITS FOUND OF BLANK (PER CENT) 


11.4 2.2 92 
12.0 2.2 98 
12.7 94 
12.5 5 92 
13.6 5 103 
12.4 2. 98 
13.5 6 109 
14.2 A 116 
12.3 106 
16.2 111 
14.4 96 
15.9 96 


Mean recovery 100.9 
Standard deviation 8.1 


Specificity of the Method.—Reecovery experiments were performed as de- 
seribed before, but other pressor substances were added to the blood. Amounts 
of adrenaline or noradrenaline equivalent to 25 rat units gave samples devoid 
of pressor activity. The various alkaline treatments of the procedure must be 
responsible for their destruction. On the other hand, pepsitensin'* was com- 
pletely recoverable, a faet that emphasizes its close similarity to angiotensin. 
Tyramine and vasopressin®* were recoverable only to the extent of 15 per cent 
of the added amounts. The recovery of serotonin was not attempted since our 
biologie preparation was constantly insensitive to it. The possibility that 
tyramine or vasopressin could appear in the final extraets was routinely ex- 
cluded by testing the resistance of the pressor activity to destruction by trypsin 
and thioglycollic acid, As is well known, tyramine is unaffected by trypsin while 


*Pitressin: Parke, Davis & Company, Detroit, Mich. 
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vasopressin and angiotensin are completely destroyed. Thioglycollie acid, on 
the other hand, has no action on tyramine and angiotensin but selectively 
destroys vasopressin.’® 

The incubating mixture for the trypsin test was as follows: 


Extract 0.20 mi. 
Phosphate buffer 0.5 M, pH 7.5 0.015 ml. 
Merthiolate 4 mg./ml. 0.005 ml. 
Crystalline trypsin (Armour) 5 mg./ml. 0.015 ml. 


In 10 minutes at 38° C. this proportion of trypsin was sufficient to destroy 
at least 3 rat units of angiotensin. At the end of the incubation period, the 
mixture was injected into the rat without further treatment, since it was 
found that a similar mixture with saline replacing the extract had no effect 
on the blood pressure of the rat. 

For the thioglycollic acid test, the ineubating mixture was identical to 
the previous one but the trypsin solution was replaced by 0.020 ml. of a 0.1 M 
solution of thioglyeollie acid in 0.1 M sodium bicarbonate, final pH 7.5. The 
incubation time was 30 minutes at room temperature. Under the described 
conditions, an absolute amount of vasopressin equivalent to 2 rat units of 
angiotensin is completely inactivated. 


DISCUSSION 

The problems encountered in the quantitative determination of angiotensin 
in blood are many. One is that the withdrawal of blood may cause a decrease 
in blood pressure, thus inducing the secretion of renin by the kidney" with 
the subsequent formation of angiotensin. By reducing the size of the blood 
samples to 50 ml. this cause of error has been completely eliminated. 

The small blood sample, which may eventually be inereased to 75 or even 
100 ml. according to the size of the animal, creates another problem. The 
amount of circulating angiotensin which one should expect in hypertensive 
animals must be very small. Skeggs and associates® found from 0.1 to 1.6 
Goldblatt units per liter of blood in dogs with acute malignant hypertension 
and from 0 to 0.05 unit per liter in normal dogs. The fact that the recovery 
in our method is 100 per cent, while in the method of Skeggs and co-workers’ 
it is only about 50 per cent, already inereases the sensitivity of our method. 
The final sample in our method is usually 0.5 ml.; however, it may be reduced 
to 0.1 ml. and injected totally in a rat weighing 50 grams, thus increasing the 
sensitivity of the method four- or fivefold in cases where the concentration of 
angiotensin is expected to be very low. In a rat of this size we ean easily 
deteet 0.00054 Goldblatt unit (which would mean for a 50 ml. blood sample 
0.01 Goldblatt unit per liter of blood). 

The advantage of using a 50 gram rat is that, assuming a concentration 
of angiotensin of more than 0.03 unit per liter of blood, a fairly good quantita- 
tive assay and identification test can be made. 


Preliminary experiments have allowed us to determine quantitatively 
the circulating angiotensin in: (1) nephrectomized animals subjected to a 
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continuous infusion of angiotensin, (2) normal animals injected with renin, 
and (3) normal animals subjected to variable periods of deep hypotension. 

Experiments are now in progress in which the estimation of angiotensin 
in blood is made under different physiologic and pathologie conditions. 


SUMMARY 


A method has been deseribed for the isolation, assay, and identification of 
angiotensin from the blood. A 50 ml. arterial blood sample is ecolleeted into 
ethanol and the angiotensin removed from the filtrate by the resin Dowex 
90-X2. On elution with alkali a solution is obtained which ean be further con- 
centrated and assayed for its pressor action by intravenous injection into 
small rats. The advantages of the method are the small blood sample used, 
its high recovery rate, the possibility of making identification tests, and its 
relatively high sensitivity. 


We wish to express our appreciation to Miss Elsa Polillo for skillful technical assistance 
in the biologie assays. 
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ADDENDUM 


On more extensive use of the method deseribed since our submission of the original 
manuseript, we have found and solved two experimental difficulties that can lead to low 
recoveries of angiotensin. 
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The first problem arose when we used a different batch of Hyflo Supercel which showed 
a high capacity to adsorb angiotensin. Accordingly, we decided to substitute the second and 
third filtrations of the method for centrifuging at 12,000 g for 10 minutes in each case. The 
first filtration was not critical even with the adsorbent batch of Hyflo Supercel. 


The second problem arose after the resin had been used repeatedly. Under these 
circumstances, not even the alkaline treatment in the steam bath could fully restore its 
original capacity. It is advisable, then, to-use fresh resin or alternatively equilibrate the old 


with citrate buffer 0.2 N, pH 3.115 and percolate the sample adjusted to the same pH. 
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A NEW PRECIPITATION METHOD FOR ESTIMATING SERUM 
BETA LIPOPROTEINS 


Kpwin Boy.e, M.D.,* anp Ropert V. Moore, Pu.D.** 
CHARLESTON, S. 


ILE correlation between elevated serum cholesterol, serum beta lipoproteins, 

and the incidence of thrombotie complication of atherosclerosis has been 
accepted by most authorities. A simplified method for estimating serum 
cholesterol and serum beta lipoprotein levels is presented here. 


Several years ago it was observed by one of us (E. B.) that a small amount 
of serum added to a dilute solution of buffered K-agar caused a stable colloidal 
precipitate. There appeared to be a heavier precipitate when serum of a known 
hypercholesterolemie patient was added than when the serum of a normo- 
cholesterolemie was added. During the course of more than 5,000 measure- 
ments, a procedure was developed that makes possible a screening test for hyper- 
cholesterolemie and hyperlipemie patients. This procedure correlates well with 
the Sf 0-16 (beta-1 lipoprotein) component of serum and satisfies the need 
for a simple, inexpensive (less than 1 cent per test for materials) clinical test 
to estimate serum cholesterol. It can be used effectively for large seale epi- 
demiologic studies. Somewhat similar, but technically more difficult, methods 
have heen developed by Bernfeld and Nisselbaum,' Bernfeld and others,* * 
Seanu and associates,* and Antoniades and co-workers.° 

Hleretofore, the teehnical difficulties in separating and estimating serum 
beta lipoproteins have made this determination impractical for any but highly 
skilled personnel in elaborately equipped laboratories. Cohn aleohol fractiona- 
tion, preparative ultracentrifuge differential density flotation with chemical 
analysis of fractions, analytic ultracentrifugation, and electrophoretic separa- 
tion are the accepted methods for estimating beta lipoprotein levels. There- 
fore, this method could fulfill a great need. 


MATERIALS AND METHODS 


(A.C.S. Reagent grade). 
Na, HPO,-7 H,O (A.C.S. Reagent grade). 
K-agar, code No. 400 (Baltimore Biological Laboratory, Ine., Baltimore, 
Md.). 
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K-Agar is an extract of carrageenin with a sulfate ash content of 39.1 per cent. 
Carrageenin,® from Chondrus crispus, is made up of 1-3’ linked D-galactopyranose units 
sulfated on carbon 4 with a sulfate ash content of 19 to 23 per cent. The sulfate is bound 
as a half-ester with the polysaccharide while the remaining portion of the acid is in salt 
formation with metallic ions, principally sodium, potassium, and caleium. This is significantly 
different from other agars. 

Control Buffer Solution.—Mix equal volumes of 0.0667 M NaH,PO, - H,O0 (9.207 Gm. 
per liter) and 0.0667 M Na,HPO, - 7 H,O (17.873 Gm. per liter). 

K-Agar Buffer Solution.—Mix equal volumes of 0.0667 M NaH,PO, - H,O and 0.0667 M 
Na,HPO,-7 H,O. In this solution dissolve enough K-agar to make the concentration of 
K-agar equal to 0.50 Gm. per liter. This solution should be refrigerated while in storage. 
Freshly boiled, carbon dioxide-free distilled water should be used to prepare the solutions. 

Equipment.—A colorimeter calibrated to read optical density at 540 mya, cuvettes with 
an outside diameter of % inch, 0.2 and 3.0 ml, pipettes, a pharmaceutical balance for 
weighing chemicals, and 2 volumetric flasks for making up solutions are the total equip- 
ment necessary. 

Procedure.—Into the bottom of each of 2 cuvettes, pipette 0.20 ml. of fresh serum, 
To the first add 3.0 ml. of control solution. To the second add 3.0 ml. of K-agar solution. 
Mix immediately and read the optical densi:y of each solution at 540 my in a colorimeter 
which has been set with a blank containing control solution without serum. The colloidal 
solution formed is stable for hours with normal sera, but this is not necessarily true with 
abnormal sera, so readings should be made within 30 minutes. The optical density reading 
of the control tube gives the inherent turbidity of the serum which is related to the 
triglyceride content of the serum. The optical density of the K-agar tube is due to the 
precipitated K-agar lipoprotein complex plus the inherent turbidity of the serum. Sub- 
tracting the optical density of the control tube from the optical density of the K-agar 
tube gives the optical density difference due to the precipitate and is called hereafter 
K-agar A. 

All cholesterol measurements were made using the acid FeCl, method of Zlatkis and 
associates? with the color reagent modification of Rosenthal and co-workers.8  Ultra- 
centrifugal lipoprotein separations were made using this laboratory’s modifieation® of the 
method of Bragdon and associates. 


RESULTS 

During the period of study, several factors were found to influence the 
nature and quantity of precipitate formed, namely, (1) the quantity of serum, 
(2) the concentration of K-agar, (3) the pII of the solution, (4) the age of 
the serum, (5) the temperature to which the stored serum had been subjected, 
and (6) the character of the metabolie defect, i.e., hypercholesterolemia, hyper- 
lipemia, or diseases which secondarily cause these conditions. Each factor will 
be discussed separately. 

1. There is a simple linear relationship between the quantity of serum used 
and the optical density of the colloidal solution formed in the range of 0.01 to 
0.60 ml. of serum per 3 ml. of reagent. 

2. Using a constant quantity of serum, the concentration of the K-agar was 
varied. The K-agar A value was determined for eaeh K-agar concentration 
and the results are shown in Fig. 1. 


At low K-agar concentration, where the ratio of beta lipoprotein to K-agar 
is relatively high, a high turbidity is found. At high K-agar concentrations, 
where the ratio of beta lipoprotein to K-agar is relatively low, high turbidity 
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values are again found. The curve goes through a minimum at about 0.05 per 
cent K-agar. This 0.05 per cent concentration was selected for the procedure 
because effects of technical errors in measurements are minimized. 

curve showing the relationship of pH to K-agar A values. Many such eurves 
have been determined and each has a characteristic inflection at a pII in the 
6.6 to 7.0 range and a second one near pH of 4.6. The K-agar A values at the 
inflection points depend on the concentration of serum beta lipoprotein. The 
pIL chosen for the determination was 6.8 for a number of reasons. At pll 
values much lower than 6.8 other serum components begin to precipitate. As 
the pIl is raised above 6.8, the amount of precipitate becomes progressively 
less and the sensitivity of the test is reduced. The advantage of using the 1:1 
ratio of salts to make a buffer is obvious in that this ratio gives a maximum 
stability to the buffering action. When serum is added to the buffer solution 
there is negligible change in the pH. At plIl 6.8 the precipitate is primarily 
a K-agar beta lipoprotein complex. This precipitate, when separated by cen- 
trifugation, is easily soluble in dilute ammonia and shows practically no de- 
naturation. This redissolved precipitate migrates and stains as a beta lipo- 
protein upon paper strip electrophoresis. If the pIl of the K-agar solution is 
lowered to 4.0, precipitation of all the cholesterol bearing lipoprotein com- 


3. The pIl of the precipitation medium is important. Fig. 2 is a typical 


ponents of serum is complete. Tests are incomplete at this stage as to the exact 
nature of the precipitate at this lower pH, and as to the serum proteins which 
remain unpreeipitated. 

4. Lipoprotein lipase activity and other serum lipases cause changes to 
continue to occur in serum in vitro; therefore, age and temperature of storage 
will affect K-agar values. Shown in Fig. 3 are data on two sera, one 
hyperlipemic and the other hypercholesterolemic. These two terms are here 
defined as follows: a serum with an elevated Sf 0-16 low density (> 1.006 < 
1.063 Gm. per milliliter) beta lipoprotein component, called the B, fraction for 
convenience and simplicity, is defined as a hypercholesterolemie serum, Serum 
with an elevated Sf 17 and above component, very low density beta lipopro- 
teins, called 8B, for convenience and brevity, is defined as a hyperlipemie serum 
in which the bulk of serum cholesterol is contained in the very low density 
(< 1.006 Gm. per milliliter) lipoprotein class and has high triglyceride values. 
This definition is similar to that of Havel and associates.'' A hyperlipemic 
serum, even refrigerated, gives about half as mueh precipitate at the end of 2 


days as it does when fresh. A hypercholesterolemie serum remains fairly stable 
if refrigerated, but deteriorates at room temperature. 


Efforts to stabilize serum were made. Gordon and co-workers'? demon- 
strated that unesterified fatty acids will bind tightly to albumin. The use of 
human albumin is shown in Fig. 3. While some stabilization occurred, albumin 
was generally ineffective. Also tested with negative results were protamine and 
high ionie strength, which are known to inhibit clearing (Brown and_ associ- 
ates'*). 
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5. The variation in values attributable to incubating serum at 37° C. before 
testing is shown in Fig. 4. It is interesting to note again that the hyperlipemic 
serum is more sensitive to heat than hypercholesterolemie or normal serum. 
Also, it is significant that serum cholesterol values do not change measurably 
in this time period. From this discussion, it is apparent that fresh serum must 
be used for best results using the K-agar test. 

Insufficient numbers of hyperlipemie patients and the rapidity of change 
of the K-agar values with time in such sera prevent the colleetion of data on 
the precipitation with K-agar of the nonturbid, very low density, 2, lipoproteins 
of the Sf 17-400 class. 
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Fig. 5.—-Schematic representation of K-agar and control measurement for various lipo- 
proteins. Key: I = lipoprotein-free serum, density >1.21; II high density, alpha lipopro- 
teins, density <1.21 and >1.063; III Sf 0-16, beta-1 lipoproteins, density <1.063, 1.006 ; 
iV Sf >17, beta-2 lipoproteins, density <1.006; V fresh human chyle. 


6. In order to characterize the K-agar lipoprotein precipitate, serum was 
fractionated in a Spineo Model L ultracentrifuge giving (1) a lipoprotein-free 
component (the infranatant of 1.21 density eut), (2) a high density alpha 
lipoprotein component (the infranatant of a 1.063 density cut), (3) a Sf 0-16 
component, 8, (the supernatant of a 1.063 density cut), and (4) a Sf 17 and 
above component, 8, (the supernatant of a 1.006 density cut). The schematic 
results of testing each cut using the K-agar test is shown in Fig. 5. Also tested 
was fresh human chyle. 

For each component a control value and a K-agar value is shown, If the 
difference is taken between these values in each case, K-agar A values can be 
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read. Lipoprotein-free serum and alpha lipoproteins do not cause a K-agar 
precipitate. The beta-1 component does give a heavy precipitate. The high 
optical density reading for the beta-2 fraction is due primarily to inherent 
turbidity as shown by the low K-agar A value. Human chyle does not give a 
detectable K-agar A value. 
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Fig. 6.—-Relationship of agar test to alimentary lipemia. See text. 


The effeet of alimentary lipemia does not destroy the effectiveness of the 
test. A fat tolerance test was conducted on 24 medical students given orally 
1.5 (im. of fat per kilogram of body weight as a cream milk shake. The com- 
posite average of results is shown in Fig. 6. 


The broken line shows the serum total lipid values which increase as the 
fat is absorbed. It is seen that although control and K-agar values increase, 
K-agar A values do not. Although alimentary lipemia does not affect the use 
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of the K-agar test on normal subjects and hypercholesterolemie patients, it does 
make more difficult the diagnosis of hyperlipemia. It is reeommended, there- 
fore, that the test be made after a high-carbohydrate, low-fat breakfast, so that 
endogenous mobilization of body fat for energy does not occur. Normal and 
hypercholesterolemic.sera will be clear, and a hyperlipemie serum will be cloudy, 
ranging from only slightly turbid to very milky. 

Fig. 7 is a seattergraph of 163 beta-1 cholesterol values which were plotted 
against K-agar A values. Similar seatter was noted when serum cholesterol 
or total beta cholesterol values were plotted against the K-agar A. 
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Fig. 7.—Beta-1 cholesterol versus K-agar (A. See text. 


The caleulated regression line is shown. In no case was the blood drawn 
more than 24 hours before the test was made. The tests include sera of normal 
and some abnormal subjects having either atherosclerosis, biliary cirrhosis, 
diabetes, or treated or untreated hypercholesterolemia and hyperlipemie pa- 
tients. 

Fig. 8 shows the regression lines for total cholesterol (T.C.), total beta 
cholesterol (8, plus ~.), and beta-1 cholesierol values as plotted against 
K-agar A. 

The statistical data are given in Table I.* 


*We are indebted to Dr. James A. Gavan, Assistant Professor of Anatomy, for his help 
in the statistical studies. 


| 
. 
; 
. 
. 
7 
er 
% 
= 


280 BOYLE AND MOORE J. Lab. & Clin. Med. 


February, 1959 


TABLE 
REGRESSION | REGRESSION | | STANDARD DEVIATION _ 
EQUATION CORFFICIENT FROM REGRESSION 
TL. 493 K-agar A + 70 r 0.934 27.3 
B, + B, — 489 K-agar A - 7 r = 0.932 27.2 
B, 439 K-agar A — 13 r = 0.930 25.0 


DISCUSSION 

After surveying sera of 1,500 individuals (factory workers, farmers, new- 
born infants, well-baby clinie patients, student nurses, medical students, hyper- 
cholesterolemice patients, and hyperlipemie patients), the upper limit of norms 
for the following measurements were established: K-agar A, 0.350; control, 
0.025; serum cholesterol,” * 240 mg. per cent; total lipids,'* 900 mg. per cent; 
alpha cholesterol, 90 mg. per cent; B,-cholesterol, 140 mg. per cent; B.-choles- 
terol, 30 mg. per cent.” 
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Fig. 8.—Regression lines and cholesterol values versus K-agar A. Key: I regression 
line of total serum cholesterol values in milligrams per cent plotted against K-agar A; I 
regression line for the total beta cholesterol values; III regression line for the beta-1 


cholesterol values. 


The interpretation of results of the K-agar test is made with the aid of 
the regression lines in Fig. 8 <A clear serum is indicative either of a normo- 
cholesterolemie serum or of a hypercholesterolemie serum. A clear serum will 
give a control value in the normal range. Using the K-agar A value and the 
regression lines of Fig. 8, total cholesterol, beta-1 plus beta-2 cholesterol, and 
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heta-1 cholesterol values may be obtained. From these values, by difference, 
alpha and beta-2 values may be obtained as alpha plus beta-1 plus beta-2 gives 
total cholesterol. 

An essential hyperlipemie serum will have a cloudy appearance with a 
charaeteristically elevated control value. The K-agar A value will not cor- 
relate well with the regression lines of Fig. 8 and the value is generally lower 
than expected. The cloudy appearance of the serum after a high carbohydrate, 
low-fat breakfast is characteristic of a hyperlipemic serum. 

In this laboratory a high percentage of sera from patients with lipid 
metabolic disease is seen. At least 97 per cent of these patients have hyper- 
cholesterolemia, most of the rest have idiopathie hyperlipemia. It should be 
easy for a physician to use this test effectively and with confidence, not only 
to detect and characterize patients with elevated serum cholesterol, but to fol- 
low the results of his treatment. 


SUMMARY 


A new precipitation test for beta lipoproteins (< 1.063 Gm. per milliliter) 
has been described using buffered K-agar. Norms have been noted and an 
interpretation of results has been given. Factors influencing the results are 
described. Correlation of this test with serum total cholesterol and serum 
low density beta lipoprotein levels are made. Advantages of such an inex- 
pensive, rapid, simple, and accurate test are described. 
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A METHOD FOR PREPARING INTACT ANIMALS FOR 
CARCASS ANALYSES 


OLAF MICKELSEN, AND ARNET?Y A, ANDERSON, B.S. 
Betuespa, Mp. 


ARCASS analysis by sampling from a homogenate of the whole animal has 
met with little suecess. The primary difficulty has been the disintegration 
of the skin. 

(hanutin' ground the careass in a meat grinder and took aliquot portions 
for moisture, nitrogen, fat, and ash analyses. No indication was given as to the 
agreement between duplicates. Ilowever, a statement was made that nitrogen 
analyses showed a marked variation. 

Kochakian and Stettner® dried the eviscerated animal to constant weight 
in an electric oven. The dried residue was dissolved in strong alkali and aleo- 
hol. The bones were separated and dissolved in acid. The mixture was made 
to volume and aliquots of the dissolved careass were taken for nitrogen and 
fat analyses. Although this method has proved useful for many purposes, it is 
cumbersome for large animals. Furthermore, the fat is hydrolyzed by the 
alkaline hydrolysis making it impossible to do any studies on the original 
lipids, and the ash cannot be determined accurately. 

Another method, similar to the above, involved cutting the carcass into 
small pieces and digesting the material in strong hydrochloric acid at room 
temperature.” When the bones softened, they were put in large beakers and 


heated on a water bath for several days. ‘‘By appropriate manipulation of 


the volumes and sampling, a solution was finally obtained representing whole 
animals and suitable aliquots of this were taken for analysis.’’ This method 
is rather cumbersome and not readily adaptable to animals having a large 
amount of body fat. 


Other workers*® dried the whole animal to constant weight and extracted 
the fat from the dried residue. The dried defatted residue was ground, and 
aliquots were taken for nitrogen and ash analyses. This procedure is time 
consuming, and no duplicate analyses can be obtained for moisture or fat. 

The method to be described obviates most of these difficulties since a 
homogenate of the entire carcass is prepared. After autoclaving the eareass, 
a slurry ean be prepared in a Waring blendor, and a stable suspension results 
from passing the slurry through a colloid mill. The homogenate ean be used 
for replicate analyses for the 4 major body components (moisture, protein, 
fat, and ash) as well as for those specific compounds which are not affected 
by the autoclaving. 

From the Laboratory of Nutrition and Endocrinology, National Institute of Arthritis 
ond Metabolic Diseases, National Institutes of Health, U. 8S. Public Health Service, Bethesda, 

Received for publication June 26, 1958. 
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MATERIALS AND METHODS 


The special apparatus required for this procedure is an Eppenbach colloid mill.* The 
Waring blendor containers were of 3 sizes: 250 ml., 1,000 ml., and 1 gallon; the first two 
fit the regular size blendor; the largest one fits the four-speed model and is needed only for 
animals weighing over 700 grams. 


Preparation of Carcass for Analysis.—The animal was killed by anesthetizing with 
chloroform, then weighed to the nearest tenth of a gram, The abdomen was opened and the 
gastrointestinal (GI) tract was removed and freed of its contents which were weighed.t The 
operation was performed in a frame whose three sides and top were wet towels. This was 
done to minimize the evaporation of moisture from the exposed tissues. Care was taken to 
minimize the loss of blood. The GI tract was replaced in the animal and the latter was 
then weighed. The actual weight of the animal without GI contents was essentially the same 
as the weight of the anesthetized animal minus the weight of the GI contents; consequently, 
the latter was used as the ‘‘corrected weight’’ in our calculations of total body composition, 


The animal was placed in a wide-mouth Mason jar whose volume in milliliters was at 
least twice the weight of the animal in grams, The jar was covered and autoclaved for 15 
minutes under 15 pounds pressure (120° C.), The animal was then placed in a Waring blendor 
of appropriate size. Water was added to facilitate homogenization. In our experience, 
stable homogenates are secured when the volume of water added approximates, for animals 


weighing up to 500 grams, the corrected body weight or 0.7 times this volume for animals 


weighing over 500 grams. The exact volume of water does not have to be measured since 


the weight of the final preparation is used in caleulating a factor which corrects for the 
added water. Approximately one-half the water was gradually added during the 15 to 20 
minutes of blending, the remainder was used to rinse out the blendor and colloid mill. 


The homogenate was quantitatively transferred to the colloid mill. The blendor was 
washed with small quantities of water and the washings added to the mill. Before start 
ing the mill the micrometer adjustment device which controls particle size was set for a 
reading of 40. The water circulating through the homogenizing block was turned on; the 
colloid mill was started and allowed to operate for about 3 minutes,} during which the 
contents of the mill were stirred to make sure that no particles adhered to the walls of 
the hopper. The micrometer adjustment device was slowly turned in the direction of 
’ was 


‘‘elose’’ (using 10 unit intervals every 5 to 8 minutes) until a reading of ‘‘zero’ 
reached. The mill was allowed to run at zero for another 5 minutes. The colloid mill 


operation required about 30 to 40 minutes. 


The homogenate was then quantitatively transferred to a previously weighed Mason 
jar. The colloid mill and recyeling pipe (if that had been used) were washed several 
times with small quantities of water and the washings added to the original homogenate. 
The jar was sealed and the contents mixed by shaking. The homogenate was allowed to 


cool to room temperature, and the total weight was obtained. Storage at 4° C. followed. 


Description of Homogenate.—Five sieves of the following mesh sereen sizes, 10, 
14, 18, 25, and 35, were stacked in that order with the smallest mesh size at the bottom. 


Five hundred and thirty-four grams of homogenate equivalent to 315 Gm. of wet careass 
were added to the top sieve. The sieves were placed under a faucet and a slow stream of 
cold water was directed on the homogenate to hasten screening. The material remaining 
on the screens was dried at room temperature overnight and weighed the following day. 
All of the homogenate passed through the 10, 14, and 18 mesh sereens. Only 0.8 Gm, or 


*Manufactured by the Gifford-Wood Company, 420 Lexington Avenue, New York, N. Y. 

*The Gl contents were removed since these are not really a part of the animal. If it 
is desirable to analyze the intact animal, that can also be done 

tWhen the weight of the animal was less than 100 Gm.. a piece of plastic was inserted 
over the outlet to the recycling pipe and the faucet opened. The homogenate coming out 
of the faucet was collected in the original Mason jar and poured back into the mill. Re- 
cycling in the case of small animals had to be done manually since the volume of homogenate 
was not enough to fill the recycling pipe. 


| 
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0.3 per cent of the total remained on the 25 mesh screen and 0.5 Gm. or 0.2 per cent on the 
35 mesh sereen. The material remaining on these two screens was mainly bone and hair, 
some of which would have passed through had it not been for the congealed fat in which 
the bone and hair were enmeshed. The homogenate showed no apparent separation of fat 
or water even after standing for several days at 4° C, 

Analytical Methods.- 

Mixing homogenate: Whenever a sample was removed from the homogenate, certain 
precautions had to be observed. The cold homogenate is in a semicongealed state. In 
order to hasten heating to room temperature and facilitate mixing, the homogenate was 
mixed in a Waring blendor. Aliquots were not taken directly from the blendor because 
consistent, but small, variations between top and bottom aliquots were observed. (Part 
of the inconsistency in composition might arise from the fact that the slurry practically 
filled the blendor.) To obviate this difficulty, the homogenate was transferred to the 
original container which was vigorously shaken just prior to the removal of each aliquot. 

A variety of analytie methods may be used on the carcass homogenate. The follow- 
ing are presented primarily to illustrate how the analytic procedures were applied in our 
laboratory. 

Moisture determination: Aliquots equivalent to about 10 Gm. of wet carcass* were 
placed in aluminum dishes, covered with aluminum foil, and weighed. The aliquots were 
dried in a vacuum oven at 70° C, to constant weight. This required about 45 hours. The 
weight of the dried material was obtained and the loss in weight was assumed to be moisture. 

Total fat determination: ‘The dried residue from the moisture determination was 
extracted in a Soxhlet apparatus for 24 hours with petroleum ether (boiling point 35° to 
60° C.). The bulk of the solvent was recovered in the upper portion of the apparatus after 
removing the extraction thimble. The fat in the flask was dried to constant weight in a 
vacuum oven which was usually accomplished by overnight drying. 

Protein determination: One to two grams of homogenate was pipetted (using a large 
hore pipette) into a 30 ml, Kjeldahl flask and weighed. The nitrogen was determined by a 
modification of Campbell and Hanna’s? macromethod. After digestion, the contents of the 
flask were diluted to a previously calibrated 50 ml. mark and aliquots were taken for dis- 
tillation. 

The small aliquots used for the nitrogen determination were necessitated by the 
large amounts of fat in the obese rats (those weighing more than 700 grams). If the 
samples from the obese rats were much larger than the above, excessive foaming occurred 
which resulted in the loss of part of the sample unless special precautions were taken. 

Ash determination: The defatted sample from the fat determination may be ashed or 
a new aliquot used, In the latter case, 10 to 15 Gm. of homogenatet was weighed in a por- 
celain crucible (5 em, diameter), The samples were dried in a vacuum oven overnight. If 
the sample was from an obese rat, the large amount of fat produced excessive foaming in 
the muffle furnace with a consequent loss. To avoid this difficulty, the crucibles were 
heated on a tripod to a dull-red color and the contents ignited with a Bunsen burner. 
Studies showed that there was no loss of ash as a result of the controlled ignition. The 


charred residue was then ashed in a muffle furnace at 550° C. until constant weight was 


obtained (about 24 hours). The sample was cooled in a desiccator to room temperature 
and weighed. 


Estimation of glycogen: Analyses were made to ascertain whether the homogenate could 
be used for glycogen determination and to secure some indication of the amount of glycogen 


*From 20 to 25 Gm. of homogenate had to be used to secure a sample representing 
10 (im. of the wet carcass. This amount could be approximated in 2% level tablespoonfuls. 


*To secure the above weight of sample, 1 to 1% tablespoonfuls of homogenate were 


Lac in a weighing dish. <A piece of aluminum foil was used to cover the crucible during 
weighing. 
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in the ecareass, Glycogen was extracted from the homogenates of weanling rats by a modifica- 
tion of the method of Good and, associates,s and analyses for glucose were done thereon by 
Nelson’s modification of the Somogyi method.® Using homogenates equivalent to approxi- 
mately 2 to 3 Gm. of wet carcass, the glycogen content of one rat was 0.16 per cent (indi- 
vidual values: 0.14 and 0.17) and for the other was 0.21 per cent (individual values: 0.19, 
0.22, 0.21). These rats were normal animals which had food available until they were sac- 
rificed as described above. 


Conversion Factor for Calculations.—Aliquots for the various analyses are corrected for 
the water added during the preparation of the homogenate by dividing the corrected body 
weight by the total weight of the homogenate. This factor multiplied by the weight of the 
aliquot taken gives the weight of wet carcass present in the sample (aliquot taken). 


Autoclaving.—To determine whether autoclaving had any influence on the 
proximate analysis of the careass, tissue homogenates were prepared with and 
without autoclaving. The tissues were a lean rat without skin, hair, and Gl 
contents; the adipose tissue from a fat rat; and the muscles of a lean rat. 
Each of the 3 tissues was homogenized in a Waring blendor and then divided 
into 6 aliquots. Half of the aliquots were autoclaved and the others were not. 
Analyses for moisture, fat, and nitrogen showed (Table 1) no detectable loss 
as a result of autoclaving. 


TABLE IT. Errect or AUTOCLAVING ON MOISTURE, FAT, AND NITROGEN CONTENT 


MOISTURE* 


(MG./GM, HOMOG- 
TREATMENT | (PER CENT) (PER CENT) 


| NITROGEN 
ENATE) ¢ 


Autoclaved 77.41 + 0.04 98.65 + 0.03 
Nonautoclaved 77.29 + 0.14 98.77 + 0.02 


rd? 
The mean and standard deviations are given. Standard deviation = v= > where 


is the sum of the deviations from the mean squared and n is the number of analyses. 
*Lean rat without skin, hair, and GI contents. 
t+tAdipose tissue of a fat rat. 


tMuscle tissue of a lean rat. (AIl values represent averages of 3 determinations each.) 


TABLE If. INFLUENCE OF WEIGHT OF SAMPLE ON MOISTURE DETERMINATION 


AV. WT. | AV. WT. : MOISTURE 
NO. AV. WT. WET CARCASS* DRY CARCASS | | STANDARD 
SAMPLES HOMOGENATE | (GM.) (GM,) | AVERAGE DEVIATION t¢ 


1.0971 0.6355 0.4021 36.73 0.29 
5.0576 2.9294 1.8512 36.81 0.13 
10.0375 5.8138 3.6721 36.84 0.12 
23.8116 13.7917 8.7093 36.85 0.08 
246.3 142.7 90.50 36.58 0.19 
*Weight of rat carcass contained in the homogenate sample. 
tSee footnote to Table L. 


Sample Weight.—Several aliquots of the homogenate of an obese rat were 
dried in a vacuum oven at 70° C. for approximately 45 hours. The values in 
Table IT indicate that the replicability of the results is not influenced by vary- 
ing the weight of the homogenate from about | to 25 Gm. Within this range, 
increasing the weight of the sample reduces the standard deviation (from 0.29 
to 0.08). There is a suggestion of a slight reduction in moisture content when 


13.91+017 
13.93 + 0.12 
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very large amounts of homogenate are used. This is probably due to the diffi- 
culty in drying such large samples, 


Homogeneity.—In order to determine whether the samples were homogene- 
ous, aliquots were taken from the top and bottom of the container. Before each 
sample was removed from the jar, the contents were thoroughly mixed by 
hand shaking. After the samples were taken from the top of the jar, approxi- 
mately one-half of the homogenate was poured into another container. Dupli- 
‘ate aliquots were taken from the homogenate remaining in the original jar 
and these were called the bottom aliquots. The results (Table IIL) show very 
good agreement for the samples from the top and bottom of the container for 
moisture, fat, protein, and ash. The above results were obtained from the ear- 
cass of an obese rat. Similar results were secured on weanling and adult 
lean rats, 


TabLe ILL, AGREEMENT OF ANALYTIC DATA SECURED ON DUPLICATES TAKEN FROM THE TOP 
AND BoTToM OF THE HOMOGENATES OF AN OBESE RAT 


(CORRECTED Bopy WEIGHT = 1,235 GM.) 
SAMPLE | HOMOGENATE | wt, WET WT. DRY | PORTION OF | MOISTURE 
NO. (@M.) CARCASS (GM.) | CARCASS (GM.) | HOMOGENATE (PER CENT) 
A. Moisture Determination 
1T 12.8656 7.6023 5.5035 Top 27.61 
2T 13.4095 7.9237 5.7317 Top 27.66 
3B 14.2328 8.4102 6.0795 Bottom 27.71 
4B 14.7632 8.7236 6.3080 Bottom 27.68 
Average 27.67 + 0.04* 
WEIGHT | | PROTEIN t 
SAMPLE HOMOGENATE WT. WET | MG. N/GM. | PORTION OF WET BASIS 
NO. (GM. ) | CARCASS (GM.)| WET CARCASS | HOMOGENATE (PER CENT) 
Protein Determination 
1pT 1.0646 0.6291 13.83 Top 8.64 
2PT 0.9967 0.5890 13.92 Top 8.70 
3PB 1.0973 0.6484 13.88 Bottom 8.68 
4PB 0.9973 0.5893 13.92 Bottom 8.70 
Average 8.68 + 0.03" 
SAMPLE | WT. WET CARCASS | WT, EXTRACTED FAT | PORTION OF | FAT WET BASIS 
NO. (GM.) (GM.) | HOMOGENATE — | (PER CENT) 
(. Total Fat Determination 
iT 7.6023 4.7311 Top 62.33 
2T 7.9237 4.9378 Top 62.31 
3B 8.4102 §.2377 Bottom 62.28 
4B 8.7236 5.4295 Bottom 62.24 
Average 62.27 + 0.01* 
WEIGHT | | 
SAMPLE HOMOGENATE WT. WET WEIGHT ASH | PORTION OF |ASH WET BASIS 
NO, (GM, ) CARCASS (GM.) (GM,) HOMOGENATE | (PER CENT) 
D. Total Ash Determination 
5T 11.8170 6.9827 0.0800 Top 1.15 
6T 10.2916 6.0813 0.0677 Top 1.11 
7B 10.5297 6.2220 0.0707 Bottom 1.14 
8B 10.0055 5.9123 0.0699 Bottom 1.18 
Average 1.15 + 0.01* 


*For standard deviation see footnote to “Table I. 
tProtein = 6.25 x nitrogen. 
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These data indicate that if the above procedure is used excellent agree- 
ment ean be seeured in analytic results carried out on all samples of the 
homogenate. 

A further measure of the uniformity of the homogenates was secured from 
an evaluation of the average standard deviations for the analytic data secured 
to date. The values listed in Table 1V represent the averages for a series of 
15 rats. The standard deviations for these separate sets of values have been 
averaged in Table V. The data in this table show that the average standard 
deviations for moisture, protein, and fat are between 0.10 and 0.20 while that 
for ash is less than half of these. Although the data listed in Table VI were 
compiled for another purpose, it does suggest that on the few animals studied, 
the standard deviations of the different analytic procedures are greater when 
carried out on the homogenates from lean rats as compared with those from 
obese rats, the standard deviations in most cases being at least twice as great. 


TABLE V. VARIABILITY OF ANALYTIC RESULTS AS AN INDEX OF THE HOMOGENEITY OF THE 
CARCASS PREPARATION* 
RANGE FOR ‘RANGE OF 
PROCEDURE IN | AVERAGE STANDARD STANDARD 
PROCEDURE PER CENT DEVIATION t¢ DEVIATIONS 


Moisture 27.67 — 74.55 0.10 (0.02 — 0.16) 
Protein 8.68 — 18.49 0.18 (0.03 — 0.50) 
Fat 5.67 — 62.32 0.10 (0.01 — 0.21) 
Ash 1.15 — 3.68 0.04 (0.01 — 0.12) 


*Results are based on triplicate or quadruplicate analyses on each of 15 homogenate 
preparations, 


m (S.Da)? + + Ms (S.Das)? 
1 


through (S.D.4s)? are the standard deviations squared. nm, through ms are number of degrees 
of freedom in each group." 


TABLE VI. Day-ro-DAY VARIATIONS IN RESULTS FOR CARCASS ANALYSIS OF AN OBESE (COR- 
RECTED Bopy WEIGHT 827 GM.) AND A LEAN (CoRRECTED Bopy WEIGHT = 328 GM.) Rat. 
ALL ANALYTIC VALUES EXPRESSED ON A WeET WEIGHT BASIS 

| | 
RAT MOISTURE PROTEIN ¢ FAT | ASH 
NO. | (PER CENT)* | (PER CENT)* | (PER CENT)* | (PER 
41,164 34.87 + 0.09 9.69 + 0.07 53.37 + 0.06 
41,164 35. + 0.06 9.70 + 0.15 53.15 + 0.06 
41,155 + 0.12 18.10 + 0.44 23.32 + 0.42 
41,155 + 0.34 17.91 + 0.16 23.03 + 0.26 
*Mean and standard deviation are given. 
tProtein = 6.25 x nitrogen. 


+ 
+ 


99.80 


Day-to-Day Variations.—Since the analytie results for many methods show 
considerable day-to-day variation, an estimate of the latter was secured by car- 
rying out complete carcass analyses on two separate days. The homogenates of 
two rats were analyzed in triplicate or quadruplicate, with the same analyses 
being repeated 5 days later. The data in Table VI show that the variation in 
the values for the results secured on different days is no greater than that for 
the same day. 
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Carcass Composition of Rats.—To indieate the application of the method, 
data are presented for carcass analyses of 15 rats. The results (Table 1V) indi- 
cate that the sum of the moisture, protein, fat, and ash aceount for practically 
all of the animal. On this basis, we have accounted for an average of 99.53 per 
cent of the rat careass. It is likely that a part of the material unaccounted 
for is glycogen, but this is probably no more than 0.2 per cent. Should it be 
desirable to secure exact values for the glycogen content of the careass, special 
precautions would have to be taken to minimize the postmortem loss of glycogen. 

The data show that the percentage of body fat in the rat increases with 
age whereas the water and protein decrease. The ratio of water to protein 
decreases slightly with age. The percentage of ash in the rat’s body decreases 
with age and shows an even greater decrease as the rat becomes obese. 


DISCUSSION 


An experienced technician is able to prepare the homogenates for 6 animals 
and analyze them in duplicate for the 4 major body components (moisture, fat, 
protein, and ash) by the above technique in a period of 6 days. As far as the 
homogenates are concerned, from 6 to 8 can be prepared in an 8-hour day. 
In our experience this is considerably faster than is possible with any other 
method. 


The homogenate is so uniform that the variation between duplicate results 
is very small. This is especially true for the homogenates of obese and wean- 
ling animals. 


The sum of the values for the 4 major body components for homogenates 
of carcasses prepared by this procedure is consistently very close to 100 per 
cent. The glycogen content can be determined in the homogenate and, under 
normal circumstances, would account for an average of about 0.1 per cent and 
probably no more than 0.2 per cent. 

The above procedure for preparing carcass homogenates permits dupli- 
cate analyses for all methods. This is not possible, especially for moisture and 
fat, by some of the currently available techniques. The homogenate can be 
used in any analytie procedure applicable to tissues; the procedures listed in 
the paper have been given only because they have been found satisfactory for 
our work. The method of preparing the carcass homogenate should be of 
value whenever it is desired to determine the carcass content of any compound 
that is stable to the 15 minutes of autoclaving. Animals showing considerable 
range in body weight can be prepared by the procedure. We have success- 
fully prepared homogenates of animals ranging in size from weanling rats to 
rabbits weighing 2 Kg. including guinea pigs and chicks. 


SUMMARY 


1. A method has been devised for the preparation of homogenates of whole 
animals. The procedure consists of autoclaving the animal to soften the skin 
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and other tissues. Preliminary grinding can be accomplished in a Waring 
blendor. Stable homogenates are prepared by putting the blended mixture 
through a colloid mill. 

2. The homogenate can be prepared in a short time and is so uniform in 
composition that duplicate analyses for moisture, protein, fat, and ash agree 
within very small limits. The sums of the values for these carcass components 
range from 98.9 to 99.9 per cent for different animals. 

4. The procedure is applicable to animals with a considerable range in 
body weight. It has been used in the preparation of homogenates of animals 
ranging in size from weanling rats to rabbits weighing about 2 kilograms. 


We wish to thank Dr. William W, Wright of the Food and Drug Administration for his 
generosity in making the colloid mill available. 
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A RAPID AUTOMATIC SEMIMICRO COLLOID OSMOMETER 


THEODORE R. Reirr, M.D.,* anp Marvin J. Yrenast, B.S. 
BETHESDA AND BALTIMORE, Mp, 


HE measurement of the oneotie (colloid osmotic) pressure of solutions 

of substances with high molecular weights has long been of interest to 
workers in biologie and physicochemical fields. The earlier methods of deter- 
mination have been reviewed by Petit’ and Briggs.* These methods, as a rule, 
have been very time consuming and have been inapplicable to the rapid meas- 
urement of large numbers of samples. 

Meehan and associates® constructed a colloid osmometer utilizing an un- 
bonded strain gage transducer. The osmometer was found to be impractical, 
however, due to technical difficultiest which included: (1) excessive time re- 
quired to reach equilibrium, and (2) large volume displacement of the sys- 
tem due to movement of membrane. Further work on it was discontinued. 
Hansen’ has developed a colloid osmometer which registers, by means of an 
eleetrie condenser manometer, the balancing pressure which prevents solvent 
flow across a membrane into the colloidal solution. However, his device re- 
quires repeated balancing of the oncotic pressure during each determination 
with an externally applied hydrostatic pressure from a fluid filled manometer. 
Rowe®* has constructed an osmometer similar in principle to the one de- 
veloped by Hansen. It also requires balancing with a variable external hydro- 
static counter pressure during the course of each determination. The point 
of no fluid transfer or balance of oncotic pressure with external hydrostatic 
counter pressure is determined visually from serial galvanometer readings. 
The corresponding osmotic pressure is then read on the balancing hydrostatic 
manometer, The time for each determination is about 40 minutes.* 

We have developed a fully automatic semimiecro colloid osmometer which 
permits determinations in as little as 5 minutes. This instrument is capable 
of reeording colloid osmotic pressure of small samples (0.5 to as low as 0.1 
em.*), The pressure (negative with respect to atmospheric pressure) pro- 
duced in a sealed solvent-filled chamber by the passage of solvent across a 


semipermeable membrane into the colloidal solution is reeorded by a strain 
gage. Significant dilution of the colloidal solution by the passage of solvent 
into it does not occur since the coefficient of volume change with pressure 
change (dV/dP) for the sealed solvent-filled transducer chamber is negligible. 


From the Gerontology Branch, National Heart Institute, National Institutes of Health, 
United States Public Health Service, Bethesda, Md., and the Baltimore City Hospitals, Balti- 
more, Md. 


Received for publication July 14, 1958. 
*Present address: Veterans Administration Hospital, Boston, Mass. 
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MATERIALS AND METHODS 


The osmometer utilizes a Statham P23D pressure transducer* as the pressure sensing 
device. The pressure dome of this transducer is a removable plastic fitting that has two 
standard Luer-Lok male adapters; one on the top center, the other on the side. The orienta- 
tion of parts of the osmometer is shown in Fig. 1. Figs. 2 and 3 show the assembled instru- 
ment. 


Fig. 1.--Exploded and assembled views of osmometer. 


Construction.—The Luer-Lok collar is removed from the top male adapter and the male 
connection is threaded with an 8-32 8.A.E. thread (Fig. 1, B). A % in. thick brass plate, 
2 in. in diameter (D), is soldered to a %& in. thick brass spacer 4 in. in diameter (C). This 
is then tapped in its center through the spacer and the plate to receive the threaded male 
adapter (B) from the pressure dome. Three spaces are cut out of the brass plate (D) to 
provide clearance for the side arm Luer-Lok male adapter (K) on the pressure dome. In 
addition, 3 tapped serew holes, 120 degrees apart, are placed ™% in. from the center of the 
brass plate (D) to receive three 12-24 brass serews (E). The brass plate (D) which is to act 
as a platform on which a semipermeable membrane (F) is to be placed is then serewed 
tightly to the top threaded male adapter (B) of the pressure dome (A). 

Care is taken that the side arm Luer-Lok male adapter of the pressure dome is under- 
lying | of the 3 clearance spaces that have been cut out of the brass plate. This provides 
sufficient working room when the side arm is to be used. The spacer that has been soldered 


to the brass plate provides sufficient clearance for the side arm as the brass plate is being 
screwed to the top threaded adapter of the pressure dome. When the plate and pressure 
dome have been firmly connected, the surfaces of the brass plate (D) and any of the threaded 
top male adapter (B) that is protruding through the plate are ground and polished on stones 


*Statham Instruments, Inc., 12401 West Olympic Boulevard, Los Angeles, Calif. 
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and emery cloth of progressive fineness until a highly smooth flat surface is obtained. This 
surface is to receive the membrane (F). 


A \ in. thick Lucite plate, 2 in. in diameter (G), having a center hole (1) % in, in 
diameter is prepared with three 4% in. diameter clearance holes 120 degrees apart, % in. 
from the center of the plate. These holes receive the three 12-24 brass screws (EF) from the 
brass plate. 


Fig. 2. 


Fig. 3. 


Figs. 2 and 3.—Full size photograph of osmometer. 


The Lucite plate is then highly polished in the same manner as the brass plate. It 
serves to hold the membrane on the brass plate and provides a chamber (the % in. center 
hole) into which the colloidal solution is placed (1). By varying the diameter of the center 
hole in the Lucite, chambers of varying capacity may be prepared. The Lucite plate is held 
in place by wing nuts (J) on each of the 3 serews (FE) from the brass plate. 


A \ in. thick Lucite cover (H), % in. in diameter with a center hole 0.5 mm. in diam 
eter, is made for the solution chamber (I). The cover prevents evaporation of colloidal 
solution within the chamber. The center hole in the cover permits equilibration of pressure 
within the chamber with atmospheric pressure. 


The P23D pressure transducer is powered by a 12-volt storage battery. The electrical 
output from the transducer is fed into a Statham control box with a heliopot introduced 
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into the zero adjustment cireuit. The electrical output from the control box is then con 
nected with a Brown potentiometer recorder with an input sensitivity of 5 mv. full scale.” 

The eleetrieal recording system is ealibrated directly against pressure by means of a 
water manometer that is attached to the side arm (K) of the fluid-filled transducer pressure 
dome. This pressure calibration is done only once since an electrical calibrator on the control 
box can be used for further calibration onee its pressure equivalent in terms of millimeters 
of water has been determined (Fig. 4). 


MANOMETER PRESSURE mm H20 
-800 ~600 -400 -200 


8 


8 


NO SNIOVSY JWOS 
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Fig. 4.—Osmometer calibration. 
The membranes that we have found satisfactory are commercially prepared.t The 20 
mm, diameter size, ultrafine, dense, and very dense, are suitable for the determination of the 
oncotic pressure of human serum albumin. The membranes can be left in the osmometer and 
used for many determinations. We have used them for well over 100 runs each and found 
no leakage of protein across the membrane into the sealed solvent chamber when tested with 
10 per cent trichloroacetic or 6 per cent sulfosalicylie acid. In fact, the more often the 
membrane has been used the more suitable for rapid determinations it becomes since its 
rigidity and adjustment to the osmometer are improved with use. 

Methods.—1. The plastic pressure dome (Fig. 1, A) with attached brass plate (D) is 
immersed in a solvent bath and filled to the exclusion of all air. Care must be taken that 
no bubbles persist in the dome. This is easily accomplished by flushing any bubbles with a 
syringe attached to K. 

2. A eap is placed firmly on the Luer-Lok male side arm of the pressure dome (K). 

3. The transducer element itself is immersed in the solvent. This can be done with the 
P23D because the back of the transducer and electrical elements are protected by a plastic 
jacket extending over the power cord. After all bubbles have been flushed off, the transducer 
element is placed into position and screwed firmly to the pressure dome at L. This is all 
done while still immersed in solvent. 


*Model No. Y¥153x(62)P12-x-(16) was used in these experiments with all 12 leads re- 
cording. Calculations were based on the plus marks which are identifiable on the original 
records. 


tCarl Schleicher & Schuell Company, Keene, N. H. 
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4. The assembled transducer element and attached pressure dome with sealed side arm 
is then removed from the solvent. 

5. The membrane (F) is placed on the brass plate (D) over the center hole (1) making 
sure there are no trapped bubbles underneath it. The membrane is kept moist at all times. 

6. The Lucite plate (G) is placed in position on the brass plate (D) and firmly at 
tached by means of wing nuts (J) placed on the serews (E) protruding from the brass plate. 

7. The assembled osmometer is now placed in a suitable protecting bag (polyethylene 
serves well) and immersed in a constant temperature bath. 

8. After a zero base line has been obtained, the Lucite chamber (1) is cleared of all 
fluid (best accomplished by filter paper strips) and the sample is placed in the chamber. 
Samples of 0.5 to as low as 0.1 em.% can be used with the size chamber described. 

9. A drop or two of sample is placed on the underside of the small cover of the Lucite 
chamber (H), taking care not to cover the tiny hole. This is done to prevent evaporative loss 
of solvent from the solution in the osmometer chamber. 


10. The cover (HL) is placed on the sample chamber of the osmometer. 


wv 


Fig. 5.—Sample record to approach to equilibrium. Record reads from left to right. 


11. The onecotic pressure of the sample is represented by a plateau in the record (Fig. 
5). The first determination from the zero base line usually takes about 15 to 20 minutes. 


12. If serial determinations of solutions with similar solvents are to be run, all that 
is necessary is to remove the solution from the chamber, flush the chamber a few times with 
solvent, blot it dry with filter paper, and add the new solution. Serial determinations may 
be accomplished within a few minutes each following the first determination since the mem 
brane has by then become set and adjusted to the osmometer, 
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RESULTS 


The standard error of the method based on 8 determinations on human 
serum was + 3.5 mm. H.O from an average value of 345.1 mm. 

The approach to equilibrium can be very easily followed since a con- 
tinuous pressure recording is made (Fig. 5). When the logarithm of the 
pressure differential from equilibrium (P-Pgg) is plotted against time (t), a 
straight line is obtained. This is to be expected since the rate of approach 
to equilibrium (dp/dt) is proportional to the pressure differential from equi- 


librium (z k(P-Pra) | (Fig. 6). The same oneotie pressure is obtained 


when it is approached from pressures either above or below the equilibrium 
pressure, 


APPROACH TO EQUILIBRIUM SERUM/PHYSIOLOGICAL SALINE 


4 
In(- Peg) 


12 

TIME (MINUTES) in(- ) 
K Peg 


Fig. 6.—Lea approach to equilibrium. 


DISCUSSION 
This osmometer is particularly suited to serial determinations of oncotie 
pressure. Onee a zero base line has been established with solvent on both 
sides of the membrane, the first determination will bring the osmometer into a 
state whereby further determinations can be done rapidly without bringing 
the instrument back to the zero base line. By starting at a pressure near the 
oneotie pressure of the sample, much time may be saved during each run. 
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The amount of solvent transfer across the membrane into the sample 
during the approach to equilibrium is negligible, even when the determination 
is started from the zero base line. A demonstration of this negligible fluid 
transfer is that serial determinations of the same sample of colloidal solution 
give the same oncotic pressure reading when the run is started from the zero 
base line as when it is started at a pressure very close or equal to the equi- 
librium pressure. In addition, solution aspirated from the sample chamber, 
after equilibrium has been reached, gives the same oneotie pressure when it 
is redetermined starting from the zero base line. 

The rate of pressure approach to equilibrium (dp/dt) has been shown to 
be a function of a rate constant (k) and the pressure differential from equi- 
librium (P-Prg). dp/dt = k(P-Pxre). 

Also, dp/dt ean be expressed as a function of two other quantities which, 
in turn, are functions of several other parameters. 

A. The rate of transfer of solvent through the membrane (8V/at), : 


(1) varies directly with the membrane diffusion constant for the 
solvent involved ; 

(2) varies directly with the membrane area ; 

(3) varies inversely with the membrane thickness. 

B. The volume elasticity of the sealed solvent chamber (8P/8V),: 

(1) varies directly with the rigidity of the membrane ; 

(2) varies directly with the rigidity of the rest of the sealed plastic 
solvent chamber; however, this factor is negligible compared to 
the rigidity of the membrane. 

dp/dt (8V /dt), (8P/8V), k(P-Pre) 
Therefore, k depends upon the membrane faetors in the following manner: 


membrane diffusion constant 
membrane area 
membrane rigidity 
{| membrane thickness 
One might suspect that the largest value for k would be obtained by 
using a very thin membrane with a large surface area exposed to solvent. 
However, membrane rigidity plays a very important role and the most rigid 
membrane would be a thiek one with a small surface area exposed to solvent. 
Meehan and associates* attempted to solve the problem of membrane 
rigidity by using a perforated metal disk to support a thin cellophane mem- 
brane with a relatively large surface area. However, even with the disk, the 
system was not rigid enough to prevent excessive fluid transfer from solvent 
to sample chamber. 
We have found that an unsupported thicker membrane with a small area 
exposed to solvent provides a rapid and satisfactory arrangement. 
When a new membrane is used, there is usually an initial lag in the pres- 
sure curve due to the adjustment and settling into position of the membrane 
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as negative pressure begins to develop in the sealed solvent chamber of the 
transducer. 


SUMMARY 


A colloid osmometer* has been deseribed with the following advantageous 
characteristics : 


1. It is entirely automatie, i.e., no balancing of oneotie pressure with an 
externally applied pressure is necessary. 


2. A complete pressure-time tracing of the approach to equilibrium is ob- 
tained so that the course may be followed during the actual run. 

4. Serial determinations may be easily and very rapidly performed. 

4. The instrument is capable of semimicrodeterminations on volumes from 


0.5 to 0.1 em.’ By making a smaller solution chamber, the volume of solution 
needed can be made correspondingly less. 


We are indebted to Dr. Milton Landowne for keen and perceptive comments regarding 
the osmometer and to Mr. Raymond Flath for his aid with the electric recording system. 


We would also like to thank Dr. Nathan W. Shock and Dr. Bernard L. Strehler for 
reviewing this manuscript. 
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QUANTITATIVE BACTERIOLOGIC STUDY OF TISSUES, FLUIDS, AND 
EXUDATES 


SoME SIMPLIFIED MetTHops 


Doveuas Linpsey, M.D., Dr.P.H.* 
EpGewoop, Mp. 


T IS good to know when there is sugar in the urine. It is better to know 

how much, and it is best that this knowledge be attained while the information 

is still of immediate clinical value. Except in complex studies, it usually suf- 

fices to report the glucosuria on an approximate scale of “trace” to “4+,” rather 
than in milligrams per cent. 

In comparison with this simple example from clinical chemistry, bacteri- 
ology lags behind. Clinical bacteriology is still largely a qualitative process, and 
the time customarily required for making a qualitative determination is more 
often measured by calendar than by stop watch. Pseudoquantitative deserip- 
tions, such as “profuse growth” or “predominant organism” give little real in- 
formation and sometimes can actually be misleading. Quantitative bacteriologic 
determinations can be had, however, at the expense of more time and a consider- 
able laboratory effort. There appears to be no commonly used baecteriologie 
counterpart of the “plus” reading on urine sugar. 

For many types of organisms of clinical and laboratory importance, it is 
possible, by the incorporation of a few simple steps into the laboratory regimen, 
to obtain quantitative bacteriologic readings as a matter of routine. These read- 
ings will be estimations or approximations, but they certainly can be as useful 
and as dependable as are “plus” readings for sugar in the urine. Also, as long 
as a presumptive or generic or familial identification of the organism is suf- 
ficiently useful, these readings can often be obtained within 12 to 24 hours after 
the specimen is taken. 

My experience with the methods to be described is limited to the study of 


infectious processes in laboratory animals, but there does not appear to be any 


reason why these methods should not be of clinical value. 


MATERIALS AND METHODS 


Materials—Platinum loop, 0.01 ml. (Fisher Scientific Company, No, 13-103). Standard 
cotton-tipped swabs (Q-tips, Ine., Long Island City, N. Y.). Pipettes and other standard 
laboratory glassware. 
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Preparation of Specimen.—The specimen is used undiluted, or prepared in a dilution 
which will plaee the estimated bacterial concentration within the sensitivity range of the 


smear and plate methods, Liquid specimens (blood or urine) are measured by pipettes; solid 


specimens are triturated after measurement by volume or weight. Reetal swabs or swabs of 
wounds can be considered as representing a sample of 0.1 Gm, or 0.1 ml. Most often, we 
wring out such swabs in a tube containing 0.9 ml. of trypticase soy broth, making a 10-1 
dilution, 


DROP 6.5mm DIAMETER 
23.144 107p? approx 
107? mi of 107 git 


: 314x104»? 


1 ORGANISM PER FIELD 
= 10° ORGANISMS /m! 


Fig. 1.--QQuantitative smear technique. using drop of standard diameter 


placed on slide by 
standard-volume loop. 


Fig. 2.—-Succeasive steps in serial dilution streaking of single plate for surface plate estimation. 


Smears.—One standard 0.01 ml, loopful of prepared material is placed carefully on a 
glass slide, dried in air without heat, and fixed in 95 per cent ethanol. 
of the microscopic field is known (and it can be determined with sufficient accuracy by use 
of a bacteriologic or hematologic counting chamber) it is easy to calculate a seale for the 


When the diameter 


LOOP 
C9 
as \ 
\ 
~~ 
A. B. C. 


Volume 53 QUANTITATIVE BACTERIOLOGIC STUDIES 301 


Number 2 


number of organisms per average or typical field in relation to the concentration of organisms 
in the specimen, We use a microscope with an oil immersion field approximately 100 yw in 
radius. The loop delivers a drop approximately 3.25 mm, in radius, For all practical pur 
poses, with a specimen diluted to 10-1, one organism per field represents 10° organisms per 
milliliter in the original specimen (Fig. 1). 

Plates.—One standard 0.01 ml, loopful of prepared material is spread evenly over one- 
half of an agar plate 100 mm. in diameter (Fig. 2, 4). The loop is flamed, and a diagonal 
streak approximately 5 em. long is made with the flat of the loop through this inoculated 
half. The inoculum so picked up is spread evenly over one of the lower quadrants of the 
plate (Fig. 2, B). The loop is again flamed; the inoculated quadrant is passed through with 
a streak approximately 2.5 em. long, and this inoculum is spread in the remaining quadrant 
(Fig. 2, C). After incubation, plates are read quantitatively by a seale such as that shown 
in Fig. 3. 


COLONIES ESTIMATED 
CONCENTRATION 
1-10 = 103 
1-100 = 104 
100-1000 = 10° 


“+ 100 to RIGHT, PLUS: | + 1000 ABOVE, PLUS: 
1-10 = 107 1-10 = 10° 


>100 to RIGHT, PLUS: 6.5 
8 10-100 = 10° 
10-100 = 10° 


Fig. 3.—Scale for reading serial dilution streaked plates. 
RESULTS 
By the use of the quantitative smear technique it is possible, within one 
hour from the time the specimen is taken, to render a report which ineludes use- 
ful quantitative details. For example: 
A direct smear examination of the specimen indicates the presence of approxi 
mately 107 gram-positive cocei, 1058 gram-positive rods, and 10% gram-negative rods 
per milliliter. Most of the coeci are morphologically suggestive of feeal strepto- 
cocei. The gram-positive rods are about equally divided between large blunt forms 
in which no spores are seen, and smaller rods which show occasional subterminal 
oval spores with swelling of the rod. The gram-negative rods are all minute 


pleomorphic forms. Several degenerated muscle fibers are seen, Culture data 
will be reported. 


Quantitative estimations on smears are reported only to the nearest log, 
of the estimated bacterial concentration. In over 2,000 quantitative estimations, 
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such smears have shown a high degree of internal consisteney—progressive in- 
crease in estimated concentration with increase of time in progressing infections 
as well as correlation with clinical indices of severity of infection. They have 
permitted quantitation of the bacteriologie effect of experimental antibiotic 
treatment with acceptable standard errors (Table I). In a series of 20 speci- 
mens, estimated simultaneously by direct smear and by Petroff-Hauser chamber 
counts, there was agreement, to the nearest log,,, in 18 of the specimens. In a 
series of replicate smear determinations on 100 specimens the two estimates 
yielded the same figure in 93 cases. Estimations made on material subjected 
to successive tenfold dilutions (within the sensitivity range of the procedure) 
gave the same figure 26 out of 30 times; the successive dilutions were made using 
the 0.01 ml. loop, starting both with undiluted material and a 10" dilution made 
from a swab sample. 


TABLE I. EXAMPLE OF DATA OBTAINABLE BY QUANTITATIVE SMEAR ESTIMATES 


HOURS INFECTED EXPERIMENTAL WOUNDS 

AFTER UNTREATED ANIMALS l PENICILLIN-TREATED ANIMALS 
~ 693 +£0.23 7 5.30 +0.58 
16 : 7.62 +0. 16 . +0.48 
25 8.66 


N Number of animals per group. 
Cc logue of mean estimated concentration per milliliter. 
S.E.M. = Standard error of mean. 


By the use of a number of differential and selective media in the plate esti- 
mation method, it is possible within 12 to 24 hours to make a “differential” esti- 
mate of the flora in the specimen on the order of the following: 


Preliminary culture data indicate the presence in the specimen of the follow- 
ing types of organisms in the approximate per milliliter concentration indicated: 


I. Total aerobic organisms 107 
A. Total gram-positive aerobic 106.: 
a-streptococeci 106 
B-streptococci 

B. Total staphylococci 106.: 
albus 106.5 

aureus 106 

aureus, presumptively pathogenic 106 

C. Total gram-negative aerobic 106.: 
coliforms 106.: 
noncoliforms 106 

D. Feeal streptococci 106 

If. Total anaerobic gram-positives 107. 
Lecithinase-producing organisms 


The quantities are estimates only to the nearest whole or half log,, (Fig. 
3), which explains why they may not appear to “add up”: 1.x 10° plus 1 x 10° 
equals 2 x 10°, which is still “10°” on such a seale. Even with such approxima- 
tion, this report is sufficient to imply that the specimen, a wound swab, is from a 
patient suffering from a severe anaerobic infection, probably clostridial. 

In more than 9,000 serial dilution streaked plate estimations the method 
has shown a high degree of internal consistency (Table II). Determinations of 


a ? QUANTITATIVE BACTERIOLOGIC STUDIES 303 
umber 


50 specimens, all with readings in the lower quadrants of the plates, agreed with 
the results of parallel pour plate determinations +0.5 log in 48 instances. 


I 
HOURS AFTER TOTAL ANAEROBIC GRAM-POSITIVE ORGANISMS ae 
WOUNDING UNTREATED ANIMALS PENICILLIN-TREATED ANIMALS 

3.56 + 0.24 3.30 + 0.32 

5.00 + 0.29 3.45 + 0.27 

6.50 + 0.12 4.70 + 0.28 

6.84 + 0.10 6.20 + 0.29 

7.04 +0.14 6.40 + 0.16 

7.15 + 0.16 6.85 + 0.12 


Twenty-five animals in each group. Estimates expressed as logiw of mean bacterial con- 
centration per milliliter, + standard error of mean. 


DISCUSSION 

The simplicity of both the smear estimations and plate estimations invites 
ready replication. Even in pour plate counting, a few replications makes for 
greater validity of the estimate than does meticulous or perfect measuring and 
dilution of the sample." 

For samples taken by swab, replicate sampling is virtually mandatory. A 
possible exception is in experimental work when a great many determinations 
are made, and sampling errors can be assumed to “average out”; a great deal 
of the variance in the data in Tables I and II is accounted for by the fact that 
only single samples were taken. 

For clinical work it would appear wise to have the swab samples taken by 
laboratory personnel rather than by the clinician; this is not a matter of getting 
a “better” sample, but consistent samples, so that the currency of the quantita- 
tive data will have a stable rate of exchange. In the experimental studies for 
which these methods were developed, sampling times were so scheduled that one 
individual could make more than 80 per cent of the swabs. 

So long as estimates are made on a logarithmic basis, the sampling error 
does not appear to be affected by the usual variations in the quantity picked up 
by the swab. Sanford and associates,? have reported the standard swab to pick 
up “110 + 22 mg., depending upon the character of the exudate” (italies added). 
In infected experimental wounds in goats we have found the pickup to be 170 
mg. + 20 mg. (standard deviation). Shortly after wounding the exudate is 
bloody, and the mean pickup is 170 mg. Within a few hours a thin serous exu- 
date appears; the mean pickup drops to 140 mg. Later the exudate is seropuru- 
lent, with a mean pickup of 170 mg. With late and frankly purulent exudates, 
the mean pickup is 240 mg. From a limited number of determinations on bloody 
exudate containing Cr°'-tagged red cells,* it appears that the swab delivers ap- 
proximately half of the pickup when it is wrung out in 0.9 ml. of broth. For 
logarithmic estimations, it appears sound to aecept the range of mean delivery 
(70 to 120 mg.) as resulting in a 10°' dilution in 0.9 ml. of broth. 


*Four determinations, kindly performed by Captain Henry M. Wise. 


TaBLe II, EXAMPLE or DATA OBTAINABLE BY SERIAL DILUTION STREAKED PLATE ESTIMATES : 
a 
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Even when swabs are taken by the same individual, and show close agree- 
ment in pickup weight, there is considerable variation between samples. In 100 
paired determinations, 56 pairs gave the same reading on the plate seale; 38 
differed by one seale reading; 6 differed by two seale readings (1 to 1.5 log). 

It is difficult to decide on the basis for calibration of the smear technique; 
perhaps no calibration is required—the organisms are there, they can be seen 
and counted. The smear technique does not differentiate between viable and 
nonviable organisms. Plate techniques do not discriminate between single or- 
ganisms and clumps. For these reasons, smear estimations generally run one 
log higher than parallel pour plate or serial dilution streaked plate estimations. 

For “nearest log” estimations, the dividing line is a decimal seale of “3. 
If one organism per field represents 10° organisms per milliliter in the original 
specimen, then 3 organisms per field 10°" organisms per milliliter = “107 
per milliliter.” 


It is our custom to start the examination in the center of the 
drop and work out field by field through the edge of the drop, up or down one 
field, then back to the center for a total of approximately 30 fields. Working 
with a 10°' dilution, and a field of 100 » radius, and judging the average or typi- 
eal field by “sight” and not by actual count, the estimate is made on the follow- 
ing seale: 
No organisms seen in 
30 fields (i.e., <3 per 100 fields) < 10° 
3 per 100 fields to 3 per 10 fields 10° 
3 per 10 fields to 3 per field 10° 
3 per field to 30 per field 10" 
30 per field to 300 per field 10° 
300 per field to 3,000 per field — - 10° 
> 3,000 per field = >10° 


Calibration of the serial dilution streaked plate method should be performed 
in the individual laboratory. For estimates made on growth limited to the up- 
per half of the plate, this is a matter of simple arithmetic: a sample of known 
size and known dilution has been plated. For estimations on the lower half of 
the plate, a seale such as that shown in Fig. 3 is determined from actual ex- 
perience in comparison to pour plate determinations. The actual seale will de- 
pend on the technique of streaking, the character of the surface of the plates 
used, and the character of the material streaked, that is, on the efficiency of 
pickup and distribution of material from the previously streaked area. 

The differential and selective media and incubation technique used as a 
basis for presumptive or generic identifications in rapid quantitative estimations 
is a matter of choice for the individual laboratory. Our experience has been 
limited to the following, which are sufficient to support a report of a bacterio- 
logic “speetrum” such as the example cited above. 

Blood agar, aerobic, 37° C.: total aerobie estimate. 
Blood azide agar, aerobic, 37° C.; total aerobic gram-positives; differentia- 


tion of hemolytic reactions without interference from gram-negative 
overgrowth, 
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Salt mannitol agar, aerobic, 37° C.: total staphylococci; differentiation of 
presumptively pathogenic organisms. 
MacConkey’s agar, aerobic, 37° C.: total gram-negatives; differentiation of 
coliforms and noncoliforms,4 
SF agar, aerobic, 45.5° C.: fecal streptococci. 
Blood azide egg yolk agar, anaerobic, 37° C.: total anaerobic gram-positives ; 
differentiation of various types of hemolytic and lecithinitie reactions. 
We make the SF agar by adding 30 Gm. per liter of plain agar to SF broth.5 
The blood azide egg yolk agar is based on the medium of Evans.® Briefly, it con- 
sists of an azide blood agar, to which is added 5 per cent by volume of a 1:1 
dilution of sterile egg yolk in saline. The others are standard media, 


Fig. 4.—Typical readings on serial dilution streaked plates. Blood azide ege yolk me- 
dium of Evans, anaerobic incubation. Estimations based on lecithinase-positive colonies only. 
Top row (left to right): less than 10° (no lecithinase-positive colonies, hemolytic streptococci 
only) ; 108 (single lecithinase-positive colony in upper right of plate); 10*; 105 (there is growth 
in lower quadrants, but it is evident at a glance that there are less than 1,000 colonies in the 
upper half of the plate). Lower row (left to right): 10% 10%5 107, and 107° 


For the method of streaking these plates, to give quantitative estimations 
at a glance (Fig. 4), and on a single plate, of concentrations within a range of 
some 7 logs (<10° to >10*°), IT am indebted to Baker and Noyes.’ Surface 
plate counting is not new; methods are well known for distributing a sample by 
tipping the plate, spreading with a glass rod, or dropping from a pipette.* 
Baker and Noyes demonstrated the simplicity and utility of a standard-volume 
loop, and the principle which I have come to eall serial dilution streaking, to 
make estimations over a range of 5 logs (<10* to >10°). The plate estimation 


method described herein is simply a further extension of their principle, for 
which they deserve the entire credit. 


The principle of placing a known quantity of a known dilution of material 
on a known area of a slide to permit quantitative determinations on stained 
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smear has been known for over 60 years.’ It was the basis of the familiar milk 
count of Breed.'° The method deseribed here is nothing more than a simplifica- 
tion of some of the steps: use of a loop instead of a pipette, and delivery by 
the loop to a relatively constant area on the slide, rather than the tediousness of 
spreading the material over an area 1 em. square. The “sight reading” of bac- 
terial concentration from such a standard drop was suggested to me by the “pin- 
head” leucocyte count of Benjamin." 

The stained smear technique is more sensitive in the lower ranges of count- 
ing than is the chamber method, but it still has a rather high lower limit, for 
obvious reasons. A 0.01 ml. drop of material containing 1,000 organisms per 
milliliter will contain on the average only 10 organisms, or about 1 per 100 fields. 

Examination of milk by stained smear is a rather simple business. Milk 
normally contains little proteinaceous debris, and fat is readily cleared by sol- 
vents. On the other hand, purulent material and serous or sanguineous exudates 
have been disappointing subjects for smear examination. Unless they are diluted 
(which decreases the sensitivity of the method in low bacterial concentrations) , 
smears of such material are often virtually unreadable due to background. 
Hlowever, a method of clearing such smears is available,’? and the results in our 
hands have been gratifying. 

Neither of these quantitative methods requires much additional time or 
effort on the part of laboratory personnel. If smears must be made, they may 
as well be made by a technique which permits quantitative comparisons. Air- 
drying of smears without heat, which appears to be essential to good clearing, 
does take an additional amount of elapsed time per smear, but it can easily be 
worked in as a matter of production-line stages along with other laboratory work. 
If plates must be streaked, they may as well be streaked with a method which 
permits quantitative estimations; some additional time is required due to the 
additional flaming of the loop. However, in comparison to the laboratory effort 
entailed in making a battery of pour plates for a quantitative unknown, the time 
required for making one serial dilution streaked plate (or duplicates, or tripli- 
cates) is more than compensation. The streak method is admittedly not so aec- 
curate, but it is relatively seldom that the 2 or 3 or 4 significant figures in a 
pour plate count are truly of more biologie significance than the single signifi- 
cant figure of a logarithmie estimate. 


SUMMARY 


By the use of two simple methods—quantitative preparation of stained 
smears, and serial dilution streaking of plates of differential and selective media 
it is possible to produce quantitative and qualitative bacteriologie data of use- 
ful, although approximate, accuracy and specificity within 12 to 24 hours of the 
time a specimen is taken. 


I am grateful to Prof, Kenneth L. Burdon and Miss Arlene Strouse, and to Dr. Howard 


BE. Noyes, Lieutenant Colonel Hinton Baker, and Lieutenant Albert T. Knecht, my tutors and 
preceptors in bacteriology. 
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AN ACCURATE DEVICE FOR THE MEASUREMENT OF DISTANCE 
ON THE ELECTROCARDIOGRAM AND OTHER PERMANENT 
RECORDS 


Epwarp R. Powsner, M.D.,* AaNp Ruopa M. Powsner, M.D.** 
DEARBORN AND ANN ARBor, MICH. 


OR accurately determining the interrelationship of the events in each of the 

limb and chest leads of the eleetrocardiogram, it has long been customary to 
employ a dual-channel recorder. One of the channels is used for recording 
each of the limb and chest leads in succession while the other channel is used 
as a reference lead. The reference lead then serves as a satisfactory time index 
relative to which the events in the other leads may be measured. 

To facilitate electroeardiographie measurement, a number of devices both 
mechanical and optical have been described. The majority of these consist of 
rulers or other scales inseribed so as to permit the direct conversion of distance 
into time.' Others consist of ealiper-like instruments in which the distance be- 
tween fixed and movable indicator marks is read on an attached seale.** Some 
of these permit alteration of the seale factor and are adaptable to the use of 


verniers for increased accuracy. None of these, however, was readily adaptable 
to the present problem involving the measurement of a large number of simul- 
taneous recordings. This difficulty has been overcome by the device herein 
described which has been successfully used on a large number of records col- 
lected recently by one of us (R. M. P.). 


MATERIALS AND METHODS 


Method of Construction —The device consists of an indicator line, the movement of 
which is registered by an accurate dial indicator; a threaded knob for advancing the indicator 
line smoothly; and a nonslip base for holding the entire device firmly on top of the electro- 
cardiogram, ‘This is illustrated in Fig. 1. 


A dial indieator graduated in units of 0.01 mm. with a total traverse of 25 mm.ft was 
fastened in a convenient position to a stand constructed of 54g inch aluminum stock. Not 
visible in the figure is a small aluminum support projecting up from the base of the stand 
to which the lug at the back of the dial indicator was attached by a suitable screw. A bronze 
bushing “ inch long was foree-fitted into the upright portion of the stand coaxial with the 
From the Veterans Administration Hospital, Dearborn, Mich., and the University of Mich- 
igan, Ann Arbor, Mich 
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actuator rod of the dial indicator. The bushing was tapped to receive a 5jg-14 threaded 
brass rod with a knurled knob at one end. This threaded rod turns smoothly in the bushing 
for a distance sufficient to advance the dial indicator the full 25 mm. An aluminum turning 
was drilled to receive the extension of the right-hand end of the actuator arm. (This ex- 
tension is available with the dial indicator or can be made from a suitable steel rod.) A 
plastic indicator was attached to the face of the aluminum turning. A single line 6 em. 
long was inscribed on the underside of the plastic and filled with red pigment to contrast 
with the ECG. This line serves as the indicator. Final adjustment of the height of the 
indicator line was simplified by using slots in the plastic at its point of attachment to the 
aluminum turning. A carrying knob was attached at the right-hand end of the stand to 
facilitate lifting without damaging the actuator rod. A sheet of firm rubber, % inch thick, 
was cemented to the bottom of the aluminum base. 


Fig. 1. 


Method of Operation.—The instrument is placed on the record to be measured so that 
the indicator line is parallel to the time line of the record, i.e., at right angles to the direction 
in which the record moved through the recorder. Its operation involves only turning the 
knurled knob to advance the actuator rod of the dial indicator and, with it, the indicator 
line. Distances are then read directly from the face of the dial indicator. Note that the 
face of the dial indicator rotates so that zero may be placed under the pointer for any con- 
venient location of the line. The indicator line is long enough to cover both channels of the 
average dual channel recording and to permit setting the dial at zero with the line correctly 
located relative to the constant or timing channel. 

The process of multiplication required to convert the measured distances to time can 
be simplified by the use of a conversion table or by the use of a dial face graduated in 
milliseconds. 


DISCUSSION 


This device lends itself well to the measurement of many types of medical 
recordings including electroencephalograms, electroretinograms, pulse and pres- 
sure recordings, and ballistoecardiograms. It may also find application in the 
measurement of spectrographic and other photographie plates as well as of paper 
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electrophoresis patterns. If necessary, dial indicators with longer traverse or of 
greater sensitivity may be employed. 

Accuracy is limited only by parallax and by the accuracy of the dial indi- 
eator selected. The former is held to a minimum by the location of the indicator 
line in close proximity to the record being measured. The accuracy of available 
dial indicators far exceeds that necessary for the most exacting measurements. 
The type indicator employed here is routinely tested at 0.25 mm. intervals over 
its entire range for compliance with the commercial tolerance of plus or minus 
one seale division (0.01 mm.) as specified by the National Bureau of Standards.* 
It is clearly more accurate and linear than the most reliable available rule and 
has proved so in use. In our experience the limiting factor has always been the 
linearity of the record itself. 


SUMMARY 
The construction and operation of an instrument for the accurate measure- 


ment of electrocardiograms and other records is deseribed. 
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INFLUENCE OF FUNGUS STRAIN AND LAPSE OF TIME IN EXPERI- 
MENTAL HISTOPLASMOSIS AND OF VOLUME OF INOCULUM IN 
CRYPTOCOCCOSIS UPON RECOVERY OF THE FUNGI 
B. Lourta, M.D.,* Nep Fever, M.D., B.S., 
W. Emmons, Pu.D. 

BeETHESDA, Mp. 


ILE etiologic diagnosis of a mycotic infection requires the isolation and 

identification of the fungus. Fungi may be isolated by direct culture or 
by animal inoculation of pathologic materials. In some instances of proved 
mycoses, both methods of obtaining cultures may fail. 


The difficulties sometimes encountered in obtaining a positive culture led 
us to investigate two factors influencing the isolation of pathogenic fungi. 
These were: (1) the effect of increasing the time interval between inoculation 
of a fungus into mice and sacrifice of the animals for its recovery in culture 
from the organs, and (2) the influence of increasing the volume of cerebro- 
spinal fluid used for culture on the isolation of Cryptococcus neoformans from 
patients with eryptococeal meningitis. 


MATERIALS AND METHODS 


Female Swiss white mice (NIH general purpose strain) weighing 17 to 20 grams were 
used in all experiments. Mice were infected with Histoplasma capsulatum, strain 6624, or 
with C. neoformans, strain 1148. Both of these fungi have been used in many experimental 
studies and have maintained a constant virulence for mice during many serial transfers in 
culture. However, strain 6624 no longer sporulates freely in culture and may be atypical in 
other unrecognized characteristics. In later experiments, 3 strains of 1. capsulatum (F 9961, 
F 9965, and F 9673) recently isolated from patients in the Clinical Center, National Institutes 
of Health, and one strain (F 9671) recently isolated from soil on premises where a patient 
with fatal histoplasmosis had been exposed were converted to the yeast phase and subjected 
to the same tests. 

Yeast phase cultures of H. capsulatum were harvested in saline from cysteine blood agar 
slants after incubation at 37° C. for 48 hours, The suspension was diluted in saline so that 
each mouse received an inoculum containing 10, 102, 103, 104, 105, or 106 cells. Hemo- 
¢eytometer counts were used to estimate the number of organisms in the concentrated sus- 
pensions. The accuracy of the more dilute suspensions was occasionally checked by cul- 
turing in duplicate 1 ml, of the saline suspension on 20 ml, of Sabouraud’s agar in a 125 ml. 
flask. 

C. neoformans was harvested in saline from a Sabouraud’s agar slant after incubation 
for 24 hours at 30° C. Dilutions and hemocytometer and colony counts were done in the 
same manner as for 1. capsulatum. 
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Each of the cultures studied was injected in the indicated concentrations intraperi- 
toneally or intravenously into separate groups of 10 mice each. Two animals from each 
group were sacrificed at various intervals from 2 to 14 weeks following infection. The 
liver and spleen were removed and a portion of each was placed separately on a Sabou- 
raud’s agar slant, crushed with a stiff wire loop, drawn back and forth across the slant 
several times, and left on the agar. This method of culturing tissues from experimental 
mice (rather than the more quantitative method of grinding and diluting weighed portions 
of tissues) was used because it is the method commonly used in this laboratory for exami- 
nation of mice inoculated with pathologic tissues or exudates. It was the efficiency of 
this method which was being tested. All slants were incubated at 30° C. and examined 
for growth after 1, 2, and 4 weeks. 


The effect of increasing the volume of cerebrospinal fluid used in direct cultures on 
the recovery of Cryptococcus was studied in 7 patients with suspected or proved ecrypto- 
coceal meningitis. A specimen consisting of 4 to 8 ml. of spinal fluid was cultured in each 
experiment. The fluid was distributed between test tubes containing 5 ml. of Sabouraud’s 
glucose agar “slants” and Erlenmeyer flasks (125 ml.) containing 20 ml. of agar. 
Either 0.1 or 0.25 ml. of spinal fluid was pipetted into each tube, and 0.5, 1.0, or 2.0 ml. 
was pipetted into each flask. The tubes were kept semihorizontal until the spinal fluid 
had dried on the slant. In addition, a 2 ml. sample was centrifuged at 3,000 r.p.m. for 
20 minutes and 0.1 ml, of the ‘‘sediment’’ was pipetted in duplicate onto the slants. All 


tubes and flasks were incubated at 30° C. and were observed for 3 months before being 
considered sterile. 


TaAsLe Lt. Recovery or AN Op LABORATORY STRAIN OF H, CAPSULATUM FROM THE LIVERS 
AND SPLEENS OF Mice Wirth INFECTION OF INCREASING DURATION FOLLOWING LNTRA- 
PERITONEAL LNOCULATION. AT Eacu TIME INTERVAL MICE RECEIVING FROM 
10 vo 105 Cetus or H, CapsuLatum (F 6624) ARE GrovuPpEp To- 

GETHER SINCE THE RESULTS WERE SIMILAR FOR ALL SIZES 
or INocuLa Usep 


TOTAL 
CULTURES 


NUMBER OF COLONIES PER SLANT (LIVER AND 


WEEKS* 0 1-3 | 4-15 | 16-49 | 50 SPLEEN ) 
2 2+ 0 1 > 36 
4 4 4 13 s 7 36 
6 3 6 4 3 0 16 
Ss 29 5 2 0 0 36 
10 16 0 0 0 0 16 


*Duration of animal infection prior to sacrifice. 
‘The two sterile cultures represent the liver and spleen of an animal inoculated with 


10 yeast cells. 
RESULTS 
Recovery of Fungi After Animal Inoculation. 


Histoplasma capsulatum: The results of the first two experiments, using 
mice infected intraperitoneally with an old, nearly sterile strain of 7. capsula- 
tum (6624) are summarized in Table Il. Mice receiving all sizes of inocula from 
10 to 10° yeast cells are recorded together in the table, since the final results were 
generally similar in all groups. 

Culiures of liver and spleen were positive in 17 of 18 mice sacrificed 2 
weeks after intraperitoneal infection, and the majority showed heavy growth. 
The cultures from one animal which received an estimated 10 organisms were 
negative. 


— = — | 
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Six weeks after infection, 7 of 8 mice still yielded positive cultures from 
either the liver or spleen, but there was a definite decrease in the number of 
colonies on each slant. 

Only 7 of 36 cultures of liver and spleen taken from 18 mice sacrificed 8 
weeks after intraperitoneal infection showed growth of H. capsulatum, and 
these yielded less than 16 colonies per slant. All cultures from animals saeri- 
ficed 10 weeks after infection were sterile. 

Mice infected intravenously with 10 to 10° cells of strain 6624 showed a 
similar progressive decrease in the proportion of positive cultures, although 
the decline in recoverable fungi was less striking than seen after intraperi- 
toneal infection. 

Results obtained were different when 4 recently isolated strains of //. 
capsulatum were tested under similar conditions. Groups of 10 mice were in- 
jected intraperitoneally with 10°, 10‘, or 10° cells of each strain. The recorded 
degree of recovery of Histoplasma from these mice (Table IL) is based upon 
the average colony count in 4 agar slants (2 spleen and 2 liver) from each 
mouse. In two of the strains, Ff 9661 and F 9673, there was no observed de- 
crease in the number of colonies growing in cultures with either small inocula 
or lapse of time up to 10 weeks. In the other two strains, there was a decrease 
in number of colonies after the lapse of 4 weeks in mice infected with 10° and 
10* cells, although the lower level was sustained at the tenth week. An inoeu- 
lum of 10° cells of F 9671 was lethal and no mice survived for testing at 10 
weeks. Similarly, 10° cells of F 9665 and of F 9675 killed the last of the mice 
before the & weeks’ testing period. 


TABLE II. Recovery or 4 TYPICAL, RECENTLY ISOLATED STRAINS OF H, CAPSULATUM AT 
VARYING TIME INTERVALS AFTER INTRAPERITONEAL LNOCULATION 
AND AT 3 LEVELS OF INOCULA 


INFECTING 
STRAIN DOSE 2 WEEKS 4 WEEKS S WEEKS 10 WEEKS 
F 9661 102 

104 
106 
9665 102 
104 
106 
9671 102 
104 
106 
102 
104 
106 


*Key: 4+ represents 50 or more colonies per slant; 3+, 16 to 49 colonies ; 
colonies ; and 1+, 1 to 3 colonies. 


+X no surviving mice for examination. 


2+, 


- 


Since the results with the 4 recently isolated strains did not parallel those 


observed with the old laboratory strain, all 5 strains were retested simultane- 
ously. Cultures were harvested at 48 hours by suspending cells in cold saline 
containing 0.1 per cent cysteine. Mice were infected intravenously with 10, 
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10°, or 10° yeast cells of Histoplasma. 
tudinally and planted on two slants. 


At autopsy, the spleen was split longi- 
A cube of liver approximately 5 mm. on 
a side was similarly divided between two slants. 

Cultures were graded 1 to 4 plus as before. Later, in tabulating results, 
it was found desirable to estimate the total number of colonies isolated from 
each mouse and median values were assigned to each of the 3 lower grades 
(14 2, 24 9, 3+ = 33) and 4+ was valued at 125. Using these estimates, 
Table IIL was constructed to show the approximate number of Histoplasma 
colonies isolated in the entire experiment. Each figure in the Table represents 
the estimated number of colonies on 8 slants inoculated with spleens and livers 
of 2 mice. 


Taste ILL. Esrimarep Tora, NUMBER OF COLONIES OF HISTOPLASMA ISOLATED AT THE 
INOCULATION LEVELS AND A¥YTER TIME INTERVALS INDICATED. EACH NUMBER 
REPRESENTS ESTIMATED NUMBER OF COLONIES ON 8 SLANTS INOCU- 


STRAIN 
6624 


9661 


9671 


9673 


LATED FROM SPLEENS AND LIVERS OF TWO MICE 


IN FECTING 
DOSE 
10 
102 
108 
10 
102 
105 
10 
102 
103 
10 
102 
10% 
10 
102 


2 WEEKS 

0 

46 
130 
§22 
1000 
608 
400 
553 
560 
345 
246 
415 
536 
540 


4 WEEKS 


6 WEEKS 


0 
132 
17 
15 
324 
30 


10 WEEKS 


| 


saa 
aoa 


14 WEEKS 
0 


0 
8 
2 


9296 


—_ 


108 632 


In general, in the mice inoculated intravenously, there is a much more 
apparent decrease in the number of colonies recovered than in mice inoculated 
intraperitoneally with the same strain of Histoplasma. With the exception of 
strain 6624, there was a decrease in the number of colonies at the fourth weeks’ 
sampling. However, in 5 of the 15 pairs of mice killed after 6 weeks, there 
was a rise in the number of colonies. Strains F 9671 and F 9673 and 10° cells 
of I° 9661 produced a high level of infection up to 14 weeks. However, at 14 
weeks 4 of 15 pairs of mice did not yield cultures. No cultures were recovered 
from any of the mice inoculated with 10 cells of strain 6624, and these 10 


mice are omitted from consideration in the following two paragraphs. 

Data from which Table III 
cultures from mice killed 2 weeks after inoculation were sterile. 
of sterile cultures rose to 22 per cent in 4 weeks, 40 per cent in 6 weeks, 50 
per cent in 10 weeks, and 59 per cent in 14 weeks. 


of the 
The number 


yas derived show that 3.5 per cent 


Large differences in ability to survive and to produce chronic infections 
in mice were noted among the 5 strains tested. Thus, at 14 weeks, 94 per cent 


| 0 0 
84 66 
28 
167 
KF 9665 SS 2 0 
: 40 4 0 
Bae 383 9 2 
106 26 36 
86 33 31 
128 2 44 
147 1 86 
48 168 1 59 
17 79 40 
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of the cultures for 6624 were negative; 96 per cent for F 9665, 58 per cent for 
F 9661, 35 per cent for F 9671, and 25 per cent for F 9673 were likewise nega- 
tive. For all 5 strains at all of the 5 sampling periods, 234 of 600 cultures 
(39 per cent) were negative and 95 of these (40.6 per cent) were from mice 
inoculated with an estimated 10 cells. Of the 360 cultures made from mice 
receiving strains F 9661, F 9671, and F 9673, 86 (24 per cent) were negative 
and 32 of these (37 per cent) were from mice inoculated with an estimated 10 
cells. 

Recovery of Cryptococcus neoformans: After mouse inoculation no decline 
in liver and spleen fungal populations with lapse of time was noted following 
intraperitoneal infection with C. neoformans. All cultures of liver and spleen 
remained strongly positive up to 10 weeks after intraperitoneal infection with 
10 to 10° cells. There was no evidence that delay in sacrifice of the mice 
resulted in any change in the number of mice with positive cultures or in the 
number of colonies per positive slant. 


TABLE LV. INFLUENCE OF VOLUME OF SPINAL FLUID CULTURED ON THE PROPORTION OF Pos! 


TIVE CULTURES FROM THREE PATIENTS With CRYPTOCOCCAL MENINGITIS 


VOLUME OF NUMBER OF POSI | 
SPINAL FLUID TIVE CULTURES 
NUMBER OF PER TUBE PER TOTAL NUM- | COLONIES PER 
LUMBAR OR FLASK BER INOCULATED POSITIVE 
PATIENT PUNCTURES (ML. ) OF CULTURES CULTURE 
D.K. 3 0.1 1/8 1 
0.25 0/8 
0.5 1/4 1 
1.0 3/5 1,3,4 
W.G. 5 0.1 to 0.25 0/20 - 
2.0 1/2 2 
0.1 0/14 
0.25 2/8 
0.5 1/6 1 
1.0 4/5 1,1,2,2 
20 3/5 11,2 


Recovery of Cryptococcus neoformans From Cerebrospinal Fluid by Direct 
Culture.—Four of the seven patients studied had many viable organisms per 
milliliter of spinal fiuid as determined by colony counts on Sabouraud’s agar. 
In these patients, as little as 0.05 ml. of spinal fluid gave positive cultures. 

In the other 3 patients, the results of culture were influenced significantly 
by the size of the spinal fluid sample. The results of several spinal fluid 
studies on each of these patients are summarized in Table LV. The spinal fluid 
of each of these patients had on the average approximately one viable cell of 
C. neoformans per milliliter, as determined by colony count on Sabouraud’s 
agar. It is clear from Table IV that, when the concentration of viable organ- 
isms in the spinal fluid was low, cultures were more likely to be positive if 
larger volumes of fluid were used. This was true regardless of whether the 
entire sample was placed in | or 2 flasks, or whether it was distributed among 


many tubes. On several occasions, only one colony of C. neoformans grew from 
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a total sample of 4 ml. of spinal fluid. In none of the 3 patients was the organ- 
ism isolated by culturing a total of 0.2 ml. of “sediment” from 2 ml. centrifuged 
at 3,000 r.p.m. for 20 minutes. 


DISCUSSION 

Previous studies by Salvin’ and quantitative tests by Rowley and Iluber* 
indicated that tissue titers were maximal 14 days after infection with //. cap- 
sulatum and progressively decreased thereafter. Our studies confirm these 
observations and demonstrate differences among strains of Histoplasma and one 
fallacy of using old atypical laboratory strains of fungi in investigations of 
this type. 

When infected tissues or body fluids from patients suspected of //. cap- 
sulatum infection are injected intraperitoneally into mice, the time interval 
between animal injection and sacrifice of the mice for culture may be of great 
importance. In the present studies, best recovery of fungi was obtained with 
one old laboratory strain and two more recently isolated strains when the 
animals were sacrificed 2 weeks after infection. With these strains, as the 
duration of time following animal inoculation was increased, the number of 
animals demonstrating infeetion, or the number of colonies isolated from in- 
fected mice decreased, suggesting that mice spontaneously eliminate or markedly 
diminish 17. capsulatum infeetions. Two other strains possessed a greater ability 
to survive and produce a chronie infection in the mouse. No deeline with time 
in isolations of fungi was noted in experimental C. neoformans infeetions. 

It is suggested that in diagnostic studies several mice be sacrificed 2 weeks 
after intraperitoneal injection of tissues or body fluids where H. capsulatum 
infeetions are suspected. This would provide optimum conditions for the iso- 
lation of some strains of //. capsulatum and would also be satisfactory for the 
recovery of C. neoformans. The optimum time of sacrifice for isolation of other 
pathogenic fungi (ineluding other strains of //. capsulatum) has not ween ade- 
quately studied. Until this time is known, additional mice should be sacrificed 
4 to 8 weeks after injection. 

When mice are inoculated with soil suspensions in studies of saprophytic 
sources of Histoplasma and other pathogenic fungi, other cogent considera- 
tions may dictate a longer time interval between inoculation and _ sacrifice. 
Saprophytie bacter 


‘ 
. 
1 


a and fungi present in such inocula may survive for some 
time. Unless mice are allowed to live until such saprophytes have been de- 
stroyed, growth of pathogens may be inhibited or obseured. Therefore, an 
interval of 4 to 6 weeks between inoculation and sacrifice is customarily al- 
lowed as an acceptable compromise in studies of this type. 

Three of the 7 patients with suspected or previously proved eryptococeal 
meningitis had negative spinal fluid cultures when small volumes were used 
for direct culture. In cach case, Cryptococcus was isolated when the size of 
the sample used for culture was inereased. It is probable that the value of 
culturing large samples applies equally well to the isolation of other species of 
fungi and also to other body fluids and exudates. 
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Therefore, when conventional cultures for fungi are negative in a patient 
suspected of harboring a mycotic infection, it is suggested that larger volumes 
of fluid be cultured. As the size of the sample is increased, it is important to 
increase the volume of culture medium used, since a high blood or exudate to 
medium ratio may inhibit the growth of some microorganisms. At least 20 
ml. of blood, urine or exudate, and a minimum of 5 ml. of spinal fluid should 
be used in order to increase the likelihood of obtaining positive cultures. 


SUMMARY 


The present experiments show that the time interval between inoculation 
and sacrifice was important in the recovery of some strains of I. capsulatum 
from liver and spleen of mice used in experimental studies. The optimum 
interval was 2 weeks. Inereasing the interval to 8 to 14 weeks decreased the 
proportion of positive cultures of certain strains. A uniform decrease was not 
apparent in some recently isolated strains. No decrease in positive cultures 
was noted upon increasing the interval between inoculation and sacrifice after 
infection with C. neoformans. When mouse inoculation is used as a method of 
diagnosing suspected fungal disease, it is suggested that several mice be sacrificed 
2 weeks after intraperitoneal injection of specimens possibly infected with fungi, 
and that additional mice be sacrificed 4 to 8 weeks after inoculation. 

Evidence is also presented indicating that culture of a large volume of 
spinal fluid is an important factor in the isolation of C. neoformans from some 
patients with cryptococcal meningitis. It is suggested that at least 20 ml. of 
blood, urine or exudate, and a minimum of 5 ml. of spinal fluid be cultured 


when conventional cultures for fungi are negative in a patient suspected of 
harboring a mycotic infection. 
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A PRACTICAL METHOD FOR THE SEPARATION OF LYMPHOCYTES 
FROM GRANULOCY TES 


Lurz EK. Venrzke, M.D., Seymour Perry, M.D., AND GAETANO CrEPALDI, M.D. 
Los ANGELES, CALIF. 
Wirth tHe TeCHNICAL ASSISTANCE OF JEANINE GREEN AND RoBERT SCHROT 


ANY methods have been described for the isolation of leukocytes from 
whole blood, as well as for the separation of peripheral blood lympho- 
cytes and granulocytes. 

Jago’ has recently reviewed the literature so that it is only necessary to 
mention a few of the more important and latest contributions, 

Kline* modified Ottesen’s method and used a “Lucite swimmer.” Follow- 
ing centrifugation, a well-defined layer of cells, containing the lymphocytes, 
is present within the “swimmer’s” central capillary. Careful aspirations re- 
sulted in lymphoeyte fractions above 90 per cent in purity. 

Jago’ deseribed a method based on the differing densities of lympho- 
cytes and granulocytes and employing sedimentation and centrifugation. In 
her experiments the mean pereentage yield of lymphocytes was 32 + 22, the 
mean percentage purity of lymphocytes 99 + 2.2. 

Philippu® used the method deseribed by Szilard and separated the dif- 
ferent types of leukocytes by centrifugation of the leukocyte suspension in a 
Wintrobe tube. He reported a top layer consisting uf 92 to 96 per cent 
lvmphoeytes and a bottom layer of 90 to 98 per cent granulocytes. 

This laboratory has long been engaged in the studies of leukocyte physi- 
ology.”" As part of these investigations, it has become important to separate 
lyvmphoeytes and granulocytes of the peripheral blood with a sufficient yield 
to enable us to perform desoxyribose nucleie acid (DNA) extractions. Accord- 
ingly, a simple method has been developed which allows good separation and 
yield. 

MATERIALS AND METHODS 

Methods,—I\nitial separation of W.B.C. from R.B.C. is performed with the use of a 
dextran sedimentation method as mentioned in the artieles by Skoog and Beck.7.5%  Lym- 
phoeytes and granuloeytes, differing in density, are then separated by centrifugation. 

Blood is withdrawn in siliconized svringes from the jugular vein of a dog. Twenty- 
five milliliter aliquots of this blood are added to 10 ml. of 6 per cent dextran* in saline 
and 0.5 ml. of 5 per cent Sequestrenet in distilled water as an anticoagulant. Following 
sedimentation of the agglomerated erythroeytes, which takes approximately 20 to 25 min- 


utes at room temperature, the supernatant containing the leukocytes is pipetted into 50 
From the Department of Medicine, School of Medicine. University of California Medical 
Center and Wadsworth Hospital, Veterans Administration Center, Los Angeles, Calif. 
Supported in part by the United States Public Health Service (Contract H 1069), Parke, 
Davis & Company, and the Gladys F. Bowyer Fund 
teceived for publication July 21, 1958 


*Dextran with an average molecular weight of 228,000; supplied by the BR. kK. 


Laros 
Company, Bethlehem, Pa 


tSequestrene disodium (Cdisodium-ethylenediaminetetraacetate dihydrate), Alrose Chem- 
ical Company, Providence 1, R. 1. 
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ml. centrifuge tubes. This is then centrifuged for 30 minutes at 


1800 to 2,000 
in a size 2 International centrifuge in a coldroom at 4° ©, 


The supernatant plasma-dextran solution is carefully 


withdrawn to approximately 
0.5 em. above the sediment. 


All sediments are pooled together and resuspended in the 
plasma-dextran supernatant or normal saline so that a final suspension of 40,000 to 50,000 
leukocytes per cubie millimeter is obtained. 


Fig. 1..-Lymphocyte-granulocyte separation in plastic tube. 


Top white layer is lympho- 
ceyte-rich, middle layer is granulocyte-rich, and bottom layer contains red cells with very few 
leukocytes. 


The concentrated leukocyte suspension is centrifuged in plastie tubes especially de 
veloped for that purpose. Tygon 
in., 


tubing,* outer diameter in., inner diameter 

and wall thickness I%» in., is cut into 5 in. lengths and sealed at one end with a 
Dobeckmun Super Sealer.t These plastic tubes with a capacity of 2 ml. are filled with 
the suspension by means of a Wintrobe hematocrit pipette. To prevent bending during 
centrifugation, the plastic tubes are placed within small Lusteroid tubes. 
After centrifugation for 15 minutes at 


1,800 to 2,000 r.p.m., 
distinct layers (Fig. 1). 


the sediment shows 3 
The top layer is white and contains lymphoeytes and platelets. 
The second layer is pink and granuloeyte-rich, The bottom layer, dark red in color, 
consists mainly of erythrocytes. The layers are separated by the application of surgical 
hemostats and cut with a razor blade at the junction of the layers. 


*Tygon tubing is a product of U. S. Stoneware Company, Plastic & Synthetic Division, 
Akron, Ohio. 


*Dobeckmun Super Sealer, Dobeckmun Company, Cleveland 1, Ohio, and Berkeley 2, Calif. 
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During the separation procedure, leukocyte and differential counts were done on the 
various supernates and cell suspensions. Volumes were reeorded in order that percentage 
purity and yields could be ealeulated. 


TABLE |. RESULTS OF LYMPHOCYTE-GRANULOCYTE SEPARATIONS 


Dog No. | 100-131 | 82-132 157-142 | SUMMARY 

No, of separations 12 12 1 25 

Mean per cent yield of leukocytes 86.9 78.4 90.2 82.9 
Range 67.4-100 | 64.5-93 64.5-100 


Mean per cent yield of | | 
lymphocytes from whole | 
blood x 53.6 100 66.7 


Range 248-100 15.2-100 | 15.2-100 


Mean per cent yield of 
lymphocytes from super 
Lymphocyte } natant | 83.8 64.5 76.4 | 74.3 

A A | | 

rieh Range 29.2-100 32.8-100 32.8-100 
samples 
| Mean per cent purity of 
| lymphocytes | 72.6 68.8 62 70.4 


Range | 66-82 42-85 42-85 


Mean per cent granulocyte | 
25.3 | 23.8 38 25.1 


| 
Range 16-31 11-50 11-50 
| Me an per cent vield of 
granulocytes from whole | 
blood 69.8 68.1 31.3 67.4 
| Range 4$4.9-90.1 | 48.3-88.2 31.3-90.1 
|Mean per cent yield of 
granulocytes from super 
Granulocyte-| ™#tant | 76.8 | 86.8 38.6 80.1 
rich Range 55.8-96.5 | 71-9-100 38.6-100 
samples 


| Mean per cent purity of 


granulocytes 76.4 74.8 79 75.7 
Range 58-86 | 66-83 58-83 
Mean per cent lymphoeyte 
contamination | 23.3 18.9 21 21.1 
Range 13-38 11-26 11-38 


RESULTS AND DISCUSSION 

The results obtained in 25 separations are shown in Table I. 

Many of the methods for lymphocyte-granuloeyte separation described 
in the literature result in a high degree of purity of particular cell prepara- 
tions. Hlowever, the yield of lymphocytes is usually quite poor. The most 
recently reported technique! resulted in a mean per cent yield of lymphocytes 
of 32 + 22. With the method described in this paper, the mean per cent yield 
of lymphocytes was 66,7. 

Another advantage of this method is that it is possible to reinfuse the 
erythrocytes after saline washing. This becomes an important consideration 
when the test animal must be subjected to large and multiple bleedings. 
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Since this method was developed in the course of DNA-P* studies in 
which the DNA is extracted from white cells employing the Simmons tech- 
nique,’ platelets containing little or no DNA present no problem. Similarly, 
the minimal erythrocyte contamination is of no consequence. 

Following the determinations of DNA-P**, specific activity for the two 
cell fractions and, knowing the differential counts, lymphocyte and granulo- 
cyte DNA-P®™ activity are then readily calculated using simultaneous equa- 
tions. 

The use of the plastic Tygon tubes for the final step of the separation has 
the advantage of inereased yield of the cell fractions, reduced contamination 
by cells from adjoining layers, and diminished loss of cells with handling. 
Ingram and associates” have also employed flexible plastic tubing for the con- 
centration of leukocytes from small samples of blood. 

Smears of the various fractions demonstrate that morphologically there 
appears to be little or no change in cell structure. A slight increase in dis- 
integrated cells is usually noted. 


SUMMARY 
1. A method is deseribed for lymphoeyte-granulocyte separations of the 
peripheral blood of dogs. 


2. Leukocyte suspensions are obtained from whole blood with a modifiea- 


tion of the dextran method. The leukocytes, after suitable resuspension, are 
separated into lymphoeyte-rich and granulocyte-rich fractions by centrifuga- 
tion in special plastic tubes. 


3. In 25 separations in a test series of 3 dogs, the mean percentage yield 


of lymphocytes was 66.7, with a mean percentage purity of lymphocytes of 
70.4. The mean percentage yield of granulocytes in the granulocyte-rich 
specimen was 67.4, with a mean percentage purity of granulocytes of 75.7, 


REFERENCES 


1. Jago, M.: A Simple Method for the Separation of Living Lymphocytes From Normal 
Human Blood, Brit. J. Haemat. 2: 439, 1956, 
Kline, DD, L.: A Modifieation of Ottesen’s Method for the Separation of Granuloeytes 
From Lymphocytes, J. Las. & CLIN. Mep. 46: 781, 1955. 
Philippu, A. J.: A Method for the Separation of the Different Morphologie Forms of 
the Blood Leukoeytes, Blood 11: 1041, 1956. 
Craddock, C. G., Jr, Perry S., and Lawrence, J. The Dynamies of Leukopoiesis 
and Leukoeyvtosis as Studied by Leukopheresis and Isotopic Techniques, J. Clin. 
Invest. 35: 285, 1956. 
Perry, 8., Craddock, C. G., Jr, and Lawrence, J. S.: Rates of Appearance and Dis 
appearance of White Blood Cells in Normal and Various Disease States, J. LAn. 
& Mep. 51: 501, 1958, 
i. Perry, S., Craddock, C. G., Jr, Ventzke,; L., Crepaldi, G., and Lawrence, J. 8.: Rate 
of Production of P82-Labeled Lymphocytes, Blood. (In press.) 
. Skoog, W. A., and Beck, W. 8.: The Teehnies of Leukocyte Isolation, United States 
Atomic Energy Commission, Rep. U.C.L.A.-333, 1955. 
Skoog, W. A., and Beck, W. Studies on the Fibrinogen, Dextran and Phytohemag 
glutinin Methods of Isolating Leukoeyvtes, Blood 11: 436, 1956. 
Ingram, M., Yettewich, G., and Struthers, A.: Concentration of Leukoeytes From 
Small Samples of Blood by Centrifugation in Plastie Tubing, United States 
Atomie Energy Commission, Rep, U.R.-333, 1954. 


PREPARATION OF A HUMAN PLASMA FRACTION RICH IN 
PROTHROMBIN, PROCONVERTIN, STUART FACTOR, AND 
PTC AND A STUDY OF ITS ACTIVITY AND TOXICITY 
IN RABBITS AND MAN 
Diptsuem, M.D.,* Jacques Loes,** CHartes Buarrix, M.D., AND 
JEAN-PIERRE SouuiER, M.D. 

Paris, FRANCE 


i HAS been known since the work of Quick in 1937' that the intravenous 
injection of normal rabbit plasma transitorily corrects the prolonged pro- 
thrombin time of rabbits that have been fed spoiled sweet clover hay, and that 
no such correction is obtained following the injection of normal rabbit serum. 
Since the identification of the toxie principle in spoiled sweet clover hay as a 
coumarin compound by Stahmann and associates? in 1941, others* * have raised 
the prothrombin level of ecoumarinized animals by the injection of prothrombin- 
rich animal plasma fractions. 

Recently the intravenous administration of human plasma fractions rich 
in antihemophilie factor B (AIIF-B, PTC)* or proconvertin® * has been re- 
ported in patients congenitally deficient in one or the other of these factors 
essential for normal hemostasis. The present paper deseribes (1) the prepara- 
tion of a human plasma fraction hereinafter referred to as PPB, containing 
prothrombin, the proconvertin complex (see below), and AHF-B (PTC) in 
high concentration, (2) its intravenous administration to rabbits made deficient 
in all these factors by prior administration of a coumarin derivative, and (3) 
the results of preliminary trials of this product in man. Sueh a fraction eould 
have therapeutie value not only in the conditions in which vitamin K, is of no 
value such as congenital single deficiencies of these faetors’'® and in aequired 
combined deficiencies in hepatocellular insufficieney,'? but also in 
ditions in which parenteral vitamin K, has a beneficial effeet (coumarin drug 
overdosage,'> biliary obstruction,’’ and prolonged antibiotie therapy'’). A 
plasma fraction would raise the levels of the factors in question immediately 
whereas the vitamin K, effect is delayed. 


MATERIALS AND METHODS 


Thromboplastin was an acetone extract of human brain; buffer was veronal acetate, 
plt 7.4. All coagulation factors were assayed by methods previously deseribed by one of 


us with M. J. Larrieu.1% What was formerly called ‘‘speeifie assay for proconvertin’’ 


utilizing Seitz-filtered bovine plasma as substrate plus calcium and tissue thromboplastin 
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will here be referred to as ‘‘proconvertin complex’? assay, for it has become apparent!6 that 
a deficiency of proconvertin (factor VIT, SPCA precursor. 21) or of Stuart factor will 
give a prolonged clotting time using this substrate. 

Stuart factor was assayed by our modification of Bachmann’s?2 method: to 0.1 ml. 
bovine plasma filtered onee through a 20 per cent asbestos pad (J. ©. Carlson, Ltd.) is 
added 0.1 ml. of the plasma or fraction to be tested, diluted 1:10 in buffer; 0.1 ml. cephalin?® 
diluted 1:30; 0.1 ml. Russell viper venom (Stypven; Burroughs Welleome) diluted 1:50,000; 
and 0.1 ml. 0.025 M CaCl, Stypven concentrations up to 1:10,000 were also found satis 
factory. Cephalin and Stypven dilutions were stable at +1° C. for at least one week. In 
dependently a similar test has recently been developed by Sise and associates.24 Our mod 
ification includes the use of the mixed soybean phosphatide preparation Asolectin (Associated 
Concentrates), 0.1 per cent in buffer, instead of cephalin, as Asolectin appears more stable on 
storage. Nine-month-old plasma (stored at —-20° C,) from M. M., a patient with known 

Bernard and J, Caen 
and studied in this laboratory by Dr. M. J. Larrieu, clotted in 90 seconds in this assay 
system, whereas fresh plasma from Y. G., a patient with known congenital proconvertin 
deficiency previously reported by one of us,26 clotted in 20 seconds, as did fresh or stored 
normal plasma. 

The plasma of Y. G. was also used as substrate in a one-stage test?7 of the content of 
proconvertin in some fractions. For calculation of percentages of all factors, appropriate 
dilutions in buffer were tested. Protein determinations were done by the biuret method. 

Preparation of Fraction PPB.—Ten lots were made by the following procedure which, 
with minor variations, proved to be the most satisfactory: 400 ml. of blood from each 
fasting donor were collected under sterile conditions through a plastic column containing 70 
Gm. of the cation exchange resin Amberlite IR 120 in the sodium cycle, and into silicone 
coated 500 ml. bottles containing 10 ml. of 0.01 to 0.02 M trisodium citrate. The bottles 
were then centrifuged at +5° C. and 2,600 r.p.m. for 30 minutes. The erythrocytes were 
ready for therapeutic use as ‘‘ packed cells’? as soon as the plasma was sterilely suctioned 
off into 500 ml. bottles containing an amount of tricalcium phosphate (Baker, ‘* Analyzed 
Reagent’’) such that the latter’s concentration in plasma was 0.3 to 0.6 per cent. This 
adsorbant was chosen as having the highest absorptive capacity per unit weight of several 
tested (tricalcium phosphates BLB, Fisher, Merek, and Prolabo; barium sulfates Merck 
and Prolabo). Adsorption was performed by mechanical to-and-fro agitation of these 
bottles for 10 minutes at room temperature. The bottles were then centrifuged at +5° ©. 
and 2,600 r.p.m. for 30 minutes. The adsorbed plasma was decanted and used as source for 
the preparation of sterile fibrinogen and AHF-A, The adsorbent was washed once with a 
volume of normal saline equal to that of the original plasma, and the wash was discarded 
after centrifugation at 2,600 r.p.m. for 30 minutes. Elution was carried out at room temper 


ature on a magnetic agitator for 15 minutes, the eluant being 1/20 of the original plasma 


volume of 0.18 M trisodium citrate at pH 8.0. These appeared to be the optimal molarity 


and pil values, although elution was quite satisfactory with 0.05 to 0.3 M trisodium citrate 
at pH 5 to 10. Alternatively, two elutions with 1/40 of the plasma volume were pooled, 
thereby increasing the yield of coagulation factors eluted. 

After centrifuging (International refrigerated centrifuge) at 4,000) ropa. for 30 
minutes, the eluate, which was a clear pale-yellow solution, was further coneentrated and 
cleared of its high citrate content by dilution with an equal volume of distilled water and 
precipitation at pH 5.2 from a final ethanol concentration of 25 per cent at -5° C. The 
precipitate, after centrifugation at —5° C., was resuspended in 0.1 M glycine containing 1/10 
volume 0.1 M trisodium eitrate, the pH was adjusted to 7.0 to 8.0 and the fraction was 
shell-frozen and lyophilized. Such lyophilized products did not develop thrombie activity 


over 5 months’ time. Prothrombin concentrations were 110 to 220 times that of normal 
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plasma per milligram of protein. The dry powder was redissolved in distilled water imme- 


diately before injection into the rabbits. Solutions injected had a prothrombin concentration 


50 to 100 times that of normal plasma per volume. The final average prothrombin yield 


of the lyophilized fraction was SI per cent, the range being 46 to 124 per cent. Yields and 
concentration of each factor at each step of production are listed in Table I. 


prowcveelerin, fibrinogen, and antihemophilic factor (AHF-A) were also present. 


Traces of 


TABLE I. 


YIELD AND CONCENTRATION OF COAGULATION Factors AT EACH STEP IN THE 
PREPARATION OF HUMAN PLASMA FRACTION ‘‘PPB’’ 
YIELD 


RANGE AVEKAGE 
STEP FACTOR (%) (J) 


CONCENTRATION 
MG. PROTEIN* 


PER 


Adsorption Prothrombin 93-97 95 
(per cent Proconvertin complex 91-98 95 
adsorbed ) Proconvertin 95-98 97 

Stuart factor 95-98 97 
AHF-B 96-98 97 


Elution 


Eluate 
Prothrombin 71-104 87 104-170 » 
Proconvertin complex 54-100 79 80-145 » 
Proconvertin 
Stuart factor 76-100 86 
AHF-B 25-84 61 80-170 » 
Aleohol Precipitate 
precipitation Prothrombin 73-220 112 240-400 » 
Proconvertin complex 81-154 119 150-400 
Proconvertin 113-150 131 
Stuart factor 9-77 60 
ALLF-B 91-120 102 120-140 


Lyophilization Lyophilized product 


Method 1+ Method 2} 
Prothrombin 36-95 66 110-220 300-400 


Proconvertin complex 33-100 | 77 110-200 x 210-400 » 
Proconvertin } 200-280 
Stuart factor 120-140 200-500 
AHF-B 60-160 180-400 » 
Over-all Prothrombin 40-124 81 
Proconvertin complex 40-114 | 81 
Proconvertin 78-149 99 
Stuart factor 40-99 72 


AHF-B 


to normal 


21-87 


*Compared 


plasma as unity. 
tMethod 1: lyophilization of all that precipitates at 25 per cent ethanol and pH 


tMethod 2: lyophilization of all that precipitates at 25 per cent ethanol and pH 5.: 
a first precipitate at 18 per cent ethanol and pH 6.8 has been discarded. 


Further Purification-\n 6 of the 10 lots, attempts were made to purify prothrombin, 
proconvertin, Stuart factor, and AHF-B further; a first precipitation from the eluate was 
effected by adjusting the pil to 6.8 and adding cold ethanol to a final concentration of 18 
per cent, approximately as Surgenor suggested.28 By removing this yellow, lipid-rich fraction, 
which is poorly soluble after lyophilization and whose content of these 4 factors is relatively 
low, then proceeding under the conditions deseribed in the previous section, it was possible 
to attain concentrations over that of plasma, per milligram of protein of the coagulant 
factors, twice those achieved by a single precipitation (compare Methods 1 and 2 in Table 1). 
Thus, for prothrombin, concentrations of 300 to 400 were attained, 


Intravenous Injection of the Fraction in Rabbits.—Rabbits weighing 2.6 to 3.2 Kg. 


were used, Of 12 rabbits studied, 2 were controls which received neither BL-5 (eyelocumarol, 


Abbott) nor PPB; 2 received only BL-5 and no PPB; and 8 received BL-5 followed by 1 


of the 2 lots of PPB tested in vivo, The fraction was injected 4 or 6 days after the rabbits 


a 
| 
5.2 
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had received a total of 75 to 100 mg. of BL-5 orally during the first 5 days. Volumes of 
fraction injected, 1 to 2 mL, were calculated to bring the rabbit plasma levels up to approx 
imately 100 per cent prothrombin. Oxalated blood samples were obtained the 
ear veins. The blood sample collected 10 minutes after the injection of PPB was drawn 
from the opposite ear from that into which the fraction was injected. 


>40- 


3 


PROTHROMBIN TIME IN SECONDS 


i 


“ee 
INJECTED HOURS 


Fig. 1.—EFEffect of intravenous injection of “PPB" on Quick's prothrombin time of rabbits 
which have received BL-5 (cyclocumarol). Average of results in & injected rabbits Broken 
line: uninjected rabbits having received BL-5 alone. Open circles: uninjected rabbits having 
received no BL-5. 
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w 


ASSAYS IN PERCENT OF NORMAL 
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10 
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Prothrombin, proconvertin complex, Stuart factor, and AHF-E} in same experiment as 

Fig. 
Figs. 1 and 2 show the effect of the injection of PPB on the prothrombin times (Quick’s 
one-stage method) and the levels of prothrombin, proconvertin complex, Stuart factor, and 
AHF-B. The average of all results is represented. At 10 minutes following injection, the 
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prothrombin time was shortened from over 2 minutes to 15.7 seconds, the normal being 13.0 
seconds, and levels of prothrombin and proconvertin complex, initially below 10 per cent, 
were completely normalized. Corrections of AHF-B and Stuart factor levels, also initially 
below 10 per cent, were less complete, the peak at 10 minutes averaging 58 and 30 per cent 
of the normal, respectively. A steep initial decay curve was observed in all 5 test systems; 
t hours after injection the average level in each test system was 49 per cent of the initial 
level, and 8 hours after injection it was 36 per cent. Correlation between expected and 
actual initial rise was close for prothrombin and proconvertin complex but less good for 
Stuart factor and AHF-B. 

The rabbits receiving PPB showed no untoward symptoms during the immediate 3-hour 
period following injection. 

Of the 5 rabbits receiving 100 mg. BL-5 over 5 days, 4 died, one of which had received 
BL-5 alone (not followed by PPB); of the 5 rabbits receiving 75 mg. BL-5 over 3 days, none 
died. Deaths occurred 3 to 48 hours following injection. Autopsies performed on 3 of the 
4 rabbits which died showed extensive hemorrhages in pulmonary parenchyma, pleural cavity, 
subcutaneous tissue, and mucosa of large intestine. Hemoptysis, epistaxis, and uncontrollable 
hemorrhage from site of yvenepuncture were the commonest symptoms before death. 

Average rectal temperature of 4 of the injected rabbits mounted to a peak of 0.9° C. 
above normal | hour after injeetion and had returned to normal by 24% hours. 

The 5 surviving rabbits showed no untoward reactions in the 2-week period of observa- 


tion following injection of PPB. 


754 
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AGE 32,57KG 
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Fig. 3.-Effect of two intravenous injections of sterile “PPB” on plasma prothrombin, 
a or nina complex, and Stuart factor levels in a man with chronic severe hepatocellular in- 
sufficiency. 


Clinical Trial of the Fraction.—Two lots, prepared as described in the paragraph 
headed Further Purification and sterile-filtered through a Chamberland No. 5L5_ porcelain 
hougie (Paris) before freezing and lyophilizing, were each dissolved in 100 ml. normal 
saline and intravenously administered 24 hours apart, each over a period of 30 minutes, to 
a S2-year-old man with chronic severe hepatocellular insufficiency, but without ascites or 


severe hemorrhagic symptoms (Fig. 3).  Preinjection levels of prothrombin, proconvertin 
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complex, and Stuart factor were 11 to 16 per cent of normal; AHF-B 40 per cent; pro- 
accelerin 50 per cent; platelet count 80,000 per mm.3; plasma thrombin time 45 see. 
compared to a normal of 22 sec. The first injection, prepared from 1,500 ml. of normal 
plasma, had an in vitro activity in prothrombin, proconvertin complex, and Stuart factor, 
just before injection, equivalent to 600 ml. normal plasma; the patient’s levels of these 
factors were raised from 11 to 16 per cent to 30 to 35 per cent of normal immediately after 
the infusion was terminated; prothrombin time (Quick) was shortened from 28.3 to 18.9 sec., 


the normal being 15.5 sec. The second injection, prepared from 2,700 ml. normal plasma, 


| 

had an in vitro activity in prothrombin, proconvertin complex, and Stuart factor equivalent 
to 1,400 ml. normal plasma; the patient’s levels of these factors were raised from 22 to 25 
per cent to 58 to 63 per cent of normal immediately after the infusion was terminated; 
prothrombin time was shortened from 20.8 to 15.8 sec., the normal being 13.2 see.; all 
levels progressively fell, returning to pre-first injection levels only after 4 days, There was 
no significant effect on the platelet count, plasma thrombin time, or proaccelerin level. The 
effect on the AHF-B level was equivocal; this is felt to be due to the fact that the prein- 
jection level (40 per cent) was not sufficiently below the lower limit of normal for the test 
(50 per cent) for an effect of the fraction to be clearly detectable. The two injections were 
well tolerated; there was no significant effect on the patient’s clinical course, temperature, 
pulse, respirations, or blood pressure during the period of observation. 


DISCUSSION 


The method of preparation of PPB is similar to that of Surgenor and 
co-workers**; the main difference is the use here of Baker tricalcium phosphate 
instead of barium sulfate. Use of this adsorbent has the advantage of having 
a much higher adsorptive capacity per unit weight; of 5 different makes of 
tricalcium phosphate and two of barium sulfate tested, Baker ‘‘ Analyzed 
Reagent’’ tricalcium phosphate was found to have an adsorptive capacity for 
the coagulant factors in question, per unit weight, 3 times that of Fisher tri- 
calcium phosphate and 8 to 12 times that of any of the other tricalcium phos- 
phates or barium sulfates tested. The use of such an adsorbent is probably 
responsible for the somewhat higher yield during elution, makes elution teeh- 
nieally easier, and contributes to the purity of the eluate. 

Extrapolating the straight portion of the curves in Fig. 2 back to zero 
time, the half-lives after equilibrium of the human factors injected into rabbits 
are caleulated to be 5 to 6 hours for prothrombin, 3 to 4 hours for the procon- 
vertin complex, and 10 to 11 hours for AHF-B. Stuart factor appears to have 
a survival curve similar to AHF-B, though levels of this faetor were not raised 
sufficiently high by the PPB to permit an aceurate calculation of its half-life. 
The half-lives after equilibrium of these human factors injected into man, on 
the other hand, appear to be significantly longer (50 to 55 hours). It is known 
that these factors, when injected into a heterologous species, induce an antibody 
response.**-*") This faet may be related to the more rapid disappearanee of 
these factors from the circulation following heterologous injection than follow- 
ing homologous injection. 

In view of the hemorrhagic lesions seen at autopsy in the 3 rabbits examined 
which died, the fact that one of these had received BL-5 alone without PPB, and 
the fact that there were no deaths among the rabbits which received the smaller 
dose of BL-5 followed by PPB, it seems likely that overcoumarinization of half 
of the rabbits, rather than any toxicity of PPB, was the cause of the fatalities. 
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Hoag and associates’ recently reported the intravenous effect of highly 
concentrated (49 to 88 times normal plasma by volume) human proconvertin 
(plus Stuart factor?) on 4 patients with congenital hypoproconvertinemia. This 
product was made from Al(OH), adsorption of outdated plasma. Their sur- 
vival data in man suggest a considerably shorter half-life during equilibrium 
(75 to 108 minutes) than those presented here (50 to 55 hours). 

Frick*’ studied the disappearance curve of stable factor (proconvertin) 
in man following a single large dose of Warfarin (3-[a-acetonylbenzy] | -4- 
hydroxyeoumarin), and following infusion of normal plasma in individuals 
whose stable faetor was severely depressed by prior administration of Warfarin. 
Ile concluded that the half-life of stable factor in normal man ranges between 
5.5 and 10.8 hours. The assay system used is probably sensitive to both pro- 
convertin and Stuart factor, however. 

The administration of blood, plasma, or serum to patients with deficiencies 
of one or more of the factors in PPB has generally been disappointing’ ****; 
600 mi. of fresh whole blood given to a series of adults with chronic severe 
deficiency of prothrombin and proconvertin had almost no effect on the levels 
of these factors tested during and at intervals following infusion.** Results of 
such injections are in accord with data presented here concerning the rapid 
disappearance of the injeeted factors from the cireulating blood. High levels 
of injeeted factors cannot easily be obtained, short of an exchange transfusion 
procedure, unless the injected factors are in concentrated form. 

To our knowledge, no commereial product exists containing concentrated 
human prothrombin, proconvertin, Stuart factor, and AHF-B. Behring Werke 
(Marburg, Germany) markets ACC-76, whieh is prepared from human plasma 
and said to be rich in convertin and aecelerin. <A lot tested by us, dissolved 
according to instructions, had little proaecelerin activity and 9 times the pro- 
convertin activity of normal plasma. Its effeets in congenital hypoprocon- 
vertinemia have been definite, although minimal.* * 

It is possible that human plasma fraction PPB contains the virus of 
homologous serum jaundice if it was present in the pooled plasma used as 
source material. Until this question is clarified, such a fraction should be used 
with caution and the size of the plasma pools kept to a minimum. 


SUMMARY 


1. A method for preparing a human plasma fraction rich in prothrombin, 
proconvertin (SPCA precursor, factor VIL), Stuart factor, and AILF-B (PTC) 
is described. Final yields after lyophilization were 46 to 99 per cent, being 
highest for prothrombin and proconvertin. Prothrombin poteney 300 to 400 
times that of normal plasma per milligram of protein was repeatedly achieved. 
No thrombie or thromboplastie activity was deteeted. The lyophilized produet 
was stable over at least 5 months. Sterile filtration of the produet through a 
Chamberland porcelain bougie without significant loss of activity is practicable. 

2. A single intravenous injection of this fraetion brings the level of pro- 
thrombin to about 100 per cent when the dose ealeulated to do this is injected 
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into rabbits made deficient (< 10 per cent) in these factors by prior coumarin 
administration. 


3. The expeeted rise in plasma levels of prothrombin, proconvertin complex, 
and Stuart factor was also obtained following the intravenous injection of two 


sterile lots of this fraction in a patient deficient in these factors consequent 
to severe hepatocellular insufficiency These injections were tolerated without 
untoward ineident. 

4. Data suggest that the half-lives in the cireulation after equilibrium of 
human prothrombin, proconvertin complex, and AIIF-B injeeted into rabbits 
are between 3 and 11 hours. A preliminary clinical trial suggests human pro- 
thrombin, proconvertin complex, and Stuart factor when injected in man have 
a longer half-life (50 to 55 hours). 


The authors wish to thanks Drs. J. Lewin, M. Steinbueh and O. Prou-Wartelle and 
Miss I), Ménaché for their cooperation and valuable suggestions, and A. L. 


Vignal and 
P. Petit for their technical assistance. 


The preliminary experiments in this laboratory of 
Dr. M. J. Larrieu concerning the preparation of PPB were most helpful. The elinieal trial 
of the fraction was made possible thanks to the kindness of Professor Fauvert of Hépital 
Beaujon, Paris. 
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Erratum 


In the article by Hans Reichard, M.D., and Peter Reichard, M.D., entitled “De- 
termination of Ornithine Carbamyl Transferase in Serum,” which appeared in the Novem- 
ber issue of the JOURNAL, the third paragraph under Materials and Methods on page 710 
should begin as follows: “Serum (0.5 ml.) was incubated with 10 gM (not 1 uM as 
appeared in the JOURNAL) citrulline carbamylC1, .” 
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One Manufacturer’s Opinion 


A Welcome Borrowing 


Observing the success of quality control in industry, pro- 
fessional groups are asking why quality control techniques 
should not be applied to other areas. Recent events point up 
demands by leading scientists for this application—especially 
to those areas dealing with the safeguarding of human life. 


Aside from the particular product or service offered by a 
manufacturer, long-term success is, after all, dependent on 
the guarantee of reliability and quality offered the consumer. 
Knowing this, industry has developed rigid quality control 
over production. Extensive testing, taking weeks or months, is 
undertaken before release of a product run. This testing serves 
a dual purpose. First, efficiency in manufacturing is main- 
tained and guarded; secondly, the product or service offered 
is kept at a standard to satisfy the discriminating public. 


In the clinical laboratory, advances made in specific instru- 
mentation, methods, technique, and diagnostic reagents have, 
until recent years, greatly exceeded the overall quality con- 
trol practiced over biochemical determinations. 


It is not surprising that modern advances and antiquated 
control are functioning side by side in laboratory testing. 
Adequate control measures have not been available. 


Now, two major steps have been taken to fill this void. 
First, the application of statistical measures of precision 
and of accuracy, and the routine use of the specific deviation 
yardstick are becoming widespread in revealing laboratory 
efficiency problems. Secondly, the common usage of two im- 
portant standards-in-serum for biochemical testing, Versatol 
(normal) and Versatol-A (abnormal), with known absolute 
values in the normal and abnormal range, meet the demands 
of advanced laboratory analyses. 


Combined with technical skill, these safeguards over labo- 
ratory testing add welcome new chapters to accuracy in 
clinical chemistry. 


Versatol 
Versatol-A 


Quality control in 
clinical chemistry 
featured at 

scientific meeting 


Clinical Pathologists, Chemists Eye 
Application of Industrial Advances 
to Laboratory 


New York, N. Y., Nov. 12, 1958. 
Interest in clinical laboratory qual- 
ity control was heightened today 
when, the second time this month, 
this subject was covered at the 
Symposium on Laboratory Instru- 
mentation at the Hotel New Yorker. 
Stephen J. Koziol of Warner- 
Chilcott, in a paper on “Recent 
Developments in Increasing the 
Efficiency of Clinical Analyses”, 
stated the approach used by his 
firm: 


“The third... part deals with the 
objective standards and the objec- 
tive controls which may be applied 
by the conscientious laboratory 
worker — to assure that neither hu- 
man fatigue nor instrument fatigue 
are giving rise to clinically invalid 
results. Reference standards — 
closely duplicating both normal and 
pathological clinical chemistry 
specimens... have been developed 
to aid quality control within the 
clinical laboratory itself.” 


Two reference standards, Versatol 
and Versatol-A, which closely du- 
plicate both normal and pathologi- 
cal clinical chemistry specimens 
have been developed to aid quality 
control within the laboratory itself. 


Earlier, in this same Symposium, 
pioneers in microchemistry recom- 
mended Versatol and Versatol-A for 
the standardization of the newest 
microchemical methods. 


Quality Control in Clinical Chem- 
istry was a featured presentation 
earlier this month at the American 
Association of Clinical Pathologists 
meeting in Chicago. The use of 
freeze-dried reagents like Versatol 
and Versatol-A was recommended 
for routine daily control. 
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A Comprebensive, Readable 
Synthesis on Hematology 


LABORATORY MEDICINE 
—HEMATOLOGY 


While other references in clinical pathology present in one volume a survey of 
all three broad fields—hematology, chemistry and microbiology—the new Miale 
book, LABORATORY MEDICINE—HEMATOLOGY is the first truly compre- 
hensive evaluation of the ENTIRE FIELD of hematologic diagnosis beginning 
with the basic concepts of hemopoiesis and cell survival and progressing to a 
detailed presentation of the entire field. 


The first in a series of three separate volumes on laboratory medicine, this is a 
detailed investigation of virtually every important aspect of hematology. You'll 
find within the covers of this volume a complete atlas of the morphology of blood 
cells complete with highly-instructive photomicrographs (not idealized drawings) 
visually describing what one actually sees in the microscope accurately authenticated 
at the standard magnification and with the usual stain. You'll consult the chapter 
on the myeloproliferative syndromes often since it is one of the few really complete 
syntheses of this puzzling group of diseases. You'll appreciate the book's thorough- 
ness and timeliness—covering as it does all current literature up to publication. 
The chapter on blood coagulation is the most complete and up-to-date discussion 
available outside of special works, and Dr. Miale’s original studies on vascular 
pseudohemophilia make this one of the most comprehensive and highly-essential 
treatises on hematology available today. 


By JOHN B. MIALE, M.D., Professor of Pathology, University of Miami School of 
Medicine, and Director of Clinical Pathology, Jackson Memorial Hospital, Miami, 


Florida. 1958, 735 pages, 634// x 934/’, 192 illustrations and 9 plates including 5 in 
color. Price, $13.75. 


The C. V. MOSBY Company 


3207 Washington Boulevard + St. Louis 3, Missouri 
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nal, normal-adrenal and hyper-adrenal corti- 
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states; in case of hyper activity, carcinoma 
is readily distinguishable frora hyperplasia or 
adenoma. 

Procedure consists of pretreatment, hydrol- 

ysis, extraction, evaporation and color de- 
velopment. Time-saving, too—in as little as 
11% hours, a 17-ketosteroid determination 
can be completed. Ketoset consists of glass- 
ware, heaters, all reagents necessary for 
determination of 200 tests in various com- 
binations and Vapo-Vent for evaporation of 
volatile, inflammable fluids. 
No. 53853A—Hycel Ketoset, complete with Vapo- 
Vent, glassware, 2 heaters, necessary reagents for 200 
tests in various combinations and complete instructions 
for use, without support stand or clamps . $459.00 
No. 53857— Extra Reagent Set —for 200 tests. 


each $169.00 
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2436 West York St. Philadelphia 32, Pa. 
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(See also pages 32, 33) 


DAN ROLFSMEYER CO. 
ALBINO RATS SWISS (ALBINO) MICE 
Price List on Request 


Route 3, Syene Road, Madison 5, Wis. PHONE ALpine 6-6149 


Live Male Rana Pipien Frogs, Direct from the Farm 


Be sure of year round suppiy, at iowest prices and tastest service available. Orders delivered within 36 
hours after we receive them. 

Male Rana Clamitan Frogs and Buffo Americanus Toads available during summer months. 

Male Buffo Marinus Toads available, the year round. 

Animals guaranteed free of disease and to arrive in perfect condition. 

Laboratory Manual 85 pages with illustrations. A system of pregnancy testing using Male Toads and 
Frogs, by Edward H. Hon, M.D., of Yale University. 
Also reagents used in conducting pregnancy tests. 

For Information and prices, Phone or write: 


J. R. SCHETTLE FROG FARM, INC. Stillwater, Minnesota 


Fast Service. All orders shipped via air same day 
FROGS received. Live delivery guaranteed. 


Write for handbook giving full information 


Special Males for Pregnancy 
and Pre-operative Diagnosis. E. G. STEINHILBER & cO., INC. 


102 Josslyn Avenue (Est. 1922) Oshkosh, Wis. 


WHITE MICE GUINEA PIGS RABBITS 


Swiss-Webster Cross—Very Docile Mouse 
Send for price list. References furnished on request. 


J. E. STOCKER + Ramsey, N. J. + Phone: DAvis 7-1064 


TACONIC FARMS, Ine. 


Germantown. New York 
SWISS MICE Booklet Sent on Request 


ZEIMET BIO-FARMS 
DOCILE GUINEA PIGS 


Route 4, Box 372 CHerry 9-4515 Madison 4, Wis. 
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KLETT SCIENTIFIC PRODUCTS 
Klett-Summerson Photoelectric Colorimeters, Colorimeters, 


Nephelometers, Fiuorimeters, Bio-Colorimeters, Compara- 
tors, Giass Standards, Glass Cells, Klett Reagents 


THE KLETT-SUMMERSON 
PHOTOELECTRIC 
COLORIMETER 


Your dear old great-grandma 
in days long ago 


Developed with the requirements of 
routine colorimetric analysis particular- 


ly in mind, but has found application in 

a variety of unusual analytical proce- Sewed fine seams by oil lamp 
dures as well. No logarithm tables or or candlelight glow. 
“calibration curves” on semilogarithmic 

paper required. The concentration of 


unknown is obtained directly from the 0 
scale reading by simple calculation. 


KLETT Quite as old-fashioned 
BIO-COLORIMETER in a world that is new 


The visual color- 
imeter illustrated 
presents a num- 
ber of outstand- 
ing features mak- 
ing it ideal for Is a lab without PROTROL ~ 
clinical re- 
search work. 
Built on the most 


modern mechani- 


cal and optical 
300 West 43rd Street, New York City 


widely accepted Here’s why PROTROL is perfect every pro- 
for its accuracy thrombin time ces 
aa Only Protrol is human 
and durability. not a horse-plasma. 
Only Protrol is fresh 
not a synthetic-diagnostic. 


Only Protrol is pooled 
not a single variable plasma. 
MANUFACTURING co Use famous Protrol, prothrombin control ref- 
. erence standard, for greater accuracy in all 


179 EAST 87th STREET, NEW YORK, N. Y. your prothrombin time determinations. 


Protrol’s timing is true. 
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Increase the Range of Your 
Office Work 


Improve the Accuracy 


of Your Diagnosis 


Williamson 


wa Practical Use of 
the OFFICE LABORATORY 
and X-RAY 


Price, $10.75. 


(Including the Electrocardiograph) 


A knowledge and understanding of the scope and limitations of your laboratory 
equipment and x-ray and the proper interpretation of tests and films are the keys 
to successful use of your equipment. With these keys you can increase the accuracy 
of your diagnosis and broaden the scope of your office practice. 


In clear, understandable language, “Practical Use of the OFFICE LABORATORY 
and X-RAY” shows how you can utilize your equipment to maximum benefit—how 
you can make your laboratory and x-ray valued tools to answer specific questions 
designed to confirm or deny your original findings and not merely instruments to 
make “routine test reports.” 


Each procedure discussed can be done by a home-trained technician in any office 
with a minimum of basic equipment. Carefully-organized and well-illustrated, this 
practical guide discusses in detail each specific test, the equipment to be used, the 
technique, the interpretation of results and the errors most commonly made. The 
useful information you can gain from your office laboratory and x-ray is far more 
extensive than many physicians achieve with such equipment. 


By PAUL WILLIAMSON, M.D. 


The C.V. MOSBY Company 


3207 Washington Boulevard, St. Louis 3, Missouri 


Gentlemen: Please send me Williamson, “PRACTICAL USE OF THE OFFICE LABORA- 
TORY AND X-RAY” priced at $10.75 on 10 day approval. I understand if I am not com- 
pletely satisfied I can return the book within 10 days with no charge or obligation. If remit- 
tance is enclosed, publisher pays the mailing charge. 


| Payment enclosed [] Charge my account 


Dr 


Street 


City 


Las-2-59 
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ONE/BENEDICT SOLUTION 


pi Qualitative and Quantitative 
Determination of Sugar in Urine 


The use of ONE solution for both determinations is 
made possible by the development of our new QUANTI- 
.a@ proven formula TATOR REAGENT which, when added to our modified 
DUAL BENEDICT COMPOUND, converts it into a quanti- 
QUALITY plus SERVICE plus ECONOMY equals tative solution. 


Nutritional Biochemicals Corporation REGENT DUAL BENEDICT COMPOUND 


A COMPLETE SELECTION OF M i 
Dry stable easily soluble granules. Used for hoth 


Typical Amino Acids Qualitative and Quantitative determinations, 
Glutamine, L, DL Dopa, D, L, 2 i 


Homoserine Serine, D, L, DL doz. 9.00 
Carnosine 


Citrulline, L, DL C-103 (one gallon) _—ea. 2.40 
Creatine Phosphate doz. 27.00 


Write for New Catalog, November, 1958 REGENT QUANTITATOR REAGENT 


Over 2400 Items, Wri . 109 
” steals: Dry stable powder. Coverts the Dual Benedict solution 
into a quantitative solution, 


C-104 (250 gms.) ea. $ 2.25 
BIOCHEMICALS. doz. 24.00 
CORPORATION 


21010 MILES AVE.» CLEVELAND 26, REGENT SCIENTIFIC CO., Inc. 


P. O. Box 1036 Redondo Beach, California 


Ornithine, "DL, 


NUTRITIONAL 


TRANSAMINASE 


SGO—T and SGP—T 


Glutamic Oxaloacetic and Glutamic Pyruvic Transaminase 
according to Cabaud, Wroblewski et al., 


(Journal of Clinical Pathology, 1956) 
with 


LUMETRON Clinical 
PHOTOELECTRIC COLORIMETER 


also 85 determinations including 


Albumin Lactic Acid 
Write for descriptive 


id 


jagnesium 
Blood Volume 
aiso for free copy of 12-page Bromide 
osp atase 
Introduction to Clinical Dioxide 
Photoelectric Colorimetry. Cholestero} Protein 
tholesterol Esters Jount 
180-page Reference Book Creatine Salicylates 
» Cyanmethemoglobin Sulfa Comp 
available separate ly, price $8.00. Ethyl Alcohol Thiocyanate 
Fibrinogen Thymol Turb. 
Galactose Urea Nitrogen 
Gamma Globulin Urie Acid 
Globulin Urobilinogen 
Glucose Vitamin A 
&r Hemoglobin Vitamin C 
Hydrogen lon Zine Sulphate 
95 Madison Ave. ze New York 16, N. Y. leteric Index 17-Ketosteroids 
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~Here’s an Rx every 


Doctors, lab 
technicians .. . 
everyone who has 
used a Veeder-Root 
Hand Tally or seen 
one operate, knows 
how much time is saved in taking differential 
or red and white count. Cupped comfortably 
and securely in either hand, other hand re- 
mains free for phone, slides, microscope or 
pencil work. Slightest pressure of lever reg- 
isters each count. To reset, just turn knob to 
zero. Once you've tried a Veeder-Root Hand 
Tally, you'll wonder how you ever worked 
without one! 

QUICK FACTS — Single counter counts up to 
10,000. White figures, black background. 
($8.65 each.) 

DOUBLE COUNTER — Figures on one unit, 
white on black, other unit, red on white. 
Each unit counts up to 
10,000. ($19.60 each.) 


if not available from 
your Medical Supply 


House, vse coupon below. | 
® Veeder-Root 


“The Name That Counts” 
World’s Largest Mokers of Counting Devices 


VEEDER-ROOT INCORPORATED 
HARTFORD 2, CONN. 


Please send me descriptive folder of Veeder-Root 
Hand Tally Counters, together with current prices. 


Please send me.......... fingle Hand | 
L Tallies C.O.D. JL-2-9 
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What Is 


“ALCONOX- 
CLEAN?” 


Just “clean” isn’t good enough for 
glassware, instruments and equipment 
in the laboratory or hospital. Ordinary 
detergents may fail to do the job. But 
when it’s “ALCONOX-CLEAN,” you 
are sure! 


SAVE 
TIME & MONEY 


with 


ALCONOX 


the World's Most 
Thorough Cleaner! 
Proven Best by Test * 
For over 20 years 
« for wetting power 
x for sequestering 
power 
x for emulsifying 
effect 
Yet it costs 
up to 75% less! 


ALCONOX 

For all equipment washed 
by hand 

Box of 3 Ibs. — $1.95 

Case of 12 boxes — 

3 Ibs. ea. $18.00 


ALCOJET 
For all equipment washed 
by machine 
Box of 5 Ibs. $3.00 
Case of 6 boxes — 
5 Ibs. eo. $15.00 
Both available in drums of 
25, 50, 100 and 300 Ibs. at 
m additional savings! 
(Prices slightly higher 
West of the Rockies) 


ALCOTABS 
In tablet form to clean PI- 
PETTES in one easy opera 
tion. For all pipette washers. 
Box of 100 tablets $5.00 
Case of 6 boxes of 

100 Tablets $30.00 
Order from your Supplier 
or ask him for a sample! 


ALCONOX, 7% 


853 Broadway, New York 3, N.Y. 


Jour. of Lab. & Clin. Med. 


M.D. will O.K.! 
YO" 
€ => In 3 Convenient 
PALE Forms 
| 
| | 


REFERRED BIOCHEMICAL ANALYSES 


Electrophoresis for Protein Fractionation, Lipoprotein Fractionation, Abnormal 

Hemoglobins; Catecholamine determinations for adrenaline and noradrenaline; 
Transaminase levels; Hormone Assays; Protein-Bound Iodine 
determinations; Toxicological Assays; Antistreptolysin-O ‘Titers; 
and other difficult and time-consuming tests. 


Services available nationally by Air Mail. Shipping containers with vials available on request 
Write for: List of Services, Literature, and Containers 


CHEM-TECH LABORATORIES 


NALYTICAL-CLINICAL-RESEARCH 
2364-238% SOUTH ROBERTSON BLVD. BEVERLY HILLS. CALIFORNIA 


S. 1. DULKIN, PH.D. OTTO E. LOBSTEIN, PH.D 


Changing Your Address? 


WHEN YOU MOVE, PLEASE— 


Notify us to change your address—allow us six weeks to make the change. 

Mention the name of this Journal. (We publish twelve periodicals.) : 
Give us your old address. If possible, return the addressed portion of the envelope in 
which we sent your last copy. 

Give us your new address—complete—including the Postal zone number. 

Please print your name and address. 


Thank You! 


Circulation Department, The C. V. Mosby Company, Publishers, 8207 Washington Blvd., 
St. Louis 3, Mo. 


SPECIALIZED TOXICOLOGY & MISCELLANEOUS 
CHEMISTRIES 
SERVICES 


Lead + Arsenic + Transaminase 
Lipids + Antistreptolysin 

7 DAYS Hemoglobin Identification 
Proteins by Electrophoresis 

A WEEK ; Serum Iron + Iron Binding 

to Laboratories Capacity + Paternity Tests 
Copper + Magnesium 

all over 


Nort 1¢ 
h America ENDOCRINE ASSAYS 


Aldosterone + Catecholamines 
Serotonin + 17-Ketosteroids 
and Fractionations «+ Protein- 
Bound lodine + Estrogens 
Butanol Extractable lodine 
Pregnanediol + Pregnanetriol 
Corticosteroids» Gonadotropins 


“The Bulletin of Laboratory Medicine” 
is published monthly by Bioch al Procedures to 
keep physicians and laboratorians abreast of current 
developments in the clinical laboratory field. Write 
for a complete set. 


a Please write for Fee Schedule & Mailing Containers 
IOCHEMICAL PROCEDURES 


12020 Chandler Boulevard 
North Hollywood, California 


“The Laboratory for Laboratories” 
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—— VIRUS AND RICKETTSIA — Complement Fixation —— 


LIPID AND ENZYME CHEMISTRY 
SPECIAL CHEMICAL PROCEDURES—P.B.I.—Mineral—Organic 


72 to 96 hour service anywhere in the USA—Fee Schedules and Information on Request 


Clinical Laboratory of San Bernardino 
955 ““D”’ Street, P. O. Box 329, San Bernardino, California 


INDEX TO ADVERTISERS 


Please mention “The Journal of Laboratory and Clinical Medicine” 
when writing to our advertisers—it identifies you 
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the section 
is the payoff 


The better tissues you get with it 
are the ultimate proof of the 
Autotechnicon’s worth. Processing 
is always dependably uniform, 
staining always diagnostically 
Mtworthy. And you get finished 


faster... thanks to the 


2 unigt Autotechnicon principle of 


| displacement and controlled 


Dhere’s a brochure that 
explains t he hy of all this. 


Let us $end if to you. 


hnicon 
ecnnicon 
irst name... and last word 
in histologic processing 


THE TECHNICON COMPANY 
Chauncey « New York 
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AN AMES CLINIQUICK © 


TECHNICAL BRIEFS FOR THE CLINICAL LABORATORY 


What is the rate of fetal mortality in diabetics 
who have not received specific prenatal diabetic 
care during their pregnancy? 


Two out of three. The management of pregnant diabetics should include fre- 
quent checks of fasting and postprandial blood sugars and of the urine for 
sugar, protein, and ketones. 

Source — Llewellyn, J. S.: J. Kentucky M. A. 56:996, 1958. 


U S Reagent Strips 


BRAND 


colorimetric “dip-and-read” 
combination test 

for protein and glucose in urine 
For the 2 most frequently performed and 


diagnostically important urine tests—the 
ultimate in reliability and simplicity. 


just dip one strip... 
... read two results! 


specific for protein and glucose: unaffected 
by other urine constituents, drug metabolites, 
or urine turbidity 

sensitive: detects as little as 10 mg. % protein 
and 0.1% glucose 

standardized: color guides permit reliable 
estimations, consistent reports 

timesaving and economical: no filtering or 
centrifuging —completely disposable 


and KETOSTIX® Reagent Strips for ketonuria. 
AVAILABLE: AMES 


UristT1x Reagent Strips— company, 
Bottles of 125. Eithort« indiana 


Toronto Conedo 


KetTostix Reagent Strips— 
Bottles of 90. 
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